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Preface . 

The  main  body  of  this  thesis  is  divided  into 
three  parts.   The  first  treats,  in  a  preliminary- 
way,  of  fireproofing  in  general  and  of  hollow  tile 
in  particular.   The  second  discusses,  in  greater  de- 
tail, certain  types  of  construction  pertaining  to  the 
sut^ect  as  stated  on  the  preceeding  page.   The  third 
part  applies  the  information  set  forth  to  a  part- 
icular case. 

Part  1  presents  the  principal  features  and  ad- 
vantages of  fireproofing,  with  particular  reference 
to  hollow  tile.   It  contains  general  information 
pertaining  to  the  advantages  of  fireproof  as  a- 
gairst  corfcustitle  construction,  followed  "by  trief 
descriptions  of  the  manufacture  arid  shapes  of 
blocks,  together  I'.'ith  inform.ation  regarding  certain 
principal  types  of  hollow  tile  construction.   The 
types  v.'hich  are  not  selected  for  m.ore  detailed 
treatitent  later  are  discussed  only  so  fsr  ss  to  give 
a  general  idea  of  their  character.   The  more  detailed 
information  in  regard  to  the  selected   types  is 
Om,itted  in  this  part,  to  be  taken  up  more  fully  after- 
wards. 

Part  ?,  extends  the  treatment  of  the  selected 
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_Preface. 
types  applicatle  to  smaller  "buildings,  and  presents 
the  matter  as  supplementary  to  a  general  knowledge 
of  rasonry  and  of  concrete  design.   It  describes 
various  details  for  exterior  and  interior  construc- 
tion, supplementary  to  the  rjore  general  information 
previously  given. 

Part  3,  gives  drawings  and  specifications  such 
as  would  "be  necessary  for  changing  the  construction 
of  a  typical  residence  from  fram.e  to  hollow  tile. 
The  specifications  are*  preceded  "by  a  short  dis- 
cussion of  the  principal  features  of  the  design, and 
are  followed  ty  an  estimate  for  the  tile  work. 

In  an  appendix  are  given  a  list  of  references 
treating  of  hollow  tile  and  of  fireproof  con- 
struction: and  discussions  of  prices  and  costs 
and  of  the  strength  of  a  tile  wall. 
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Preliminary  Discussions, 
Introduction, 

In  the  past  -  and  to  a  lesser  degree,  at  present 
-  the  vast  majority  of  the  smaller  buildings  in  this 
country  have  been  constructed  wholly  of  wood,  or  with 
wood  interiors  and  brick  exteriors.  A  generation  ago, 
the  former  construction  was  well-nigh  universal.  An 
incombustible  exterior  construction,  now  compulsory 
in  most  cities,  was  a  big  step  in  advance.  In  most 
cases  this  meant  a  masonry  exterior,  which  was  en- 
during in  character  as  well  as  fire-retarding.  The 
present  tendency,  which  is  making  rapid  strides,  is 
towards  an  all-fireproof  construction  for  smaller 
buildings  as  well  as  for  the  larger  buildings,  in 
which  it  is  now  standard.  For  this  construction  there 
is  no  better  material  than  terra  cotta  hollow  tile, 
often  used  in  conjunction  with  reinforced  concrete. 
Frame  vs.  Fireproof  Exteriors. 

The  conditions  have  changed,  and  wood  is  no 
longer  cheap.  The  forests  have  receded  from  civili- 
zation and  have  dwindled  in  size  until  the  first  cost 
of  frame  exterior  construction  is  almost  as  much  as 
brick.:  and,  considering  upkeep,  the  cost  in  a  very 
few  years  is  more.  Hollow  tils  should  be,  and  almost 
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invariatly  is,  chsapsr  than  trick.   In  corroboration 
of  this  stateirent,  there  is  given  on  Page  P  a  table 
of  "Comparative  Eids"  derived  from  a  careful  invest- 
igation. 

The  requisite  data  was  obtained  ty  J.  Parker  E. 
Fisks  of  f^e  Building  Brick  Association  of  Arerica 
and  published  by  the  Association  in  a  pamphlet  en- 
titled "The  Cost  of  a  House."   In  r.aking  the  invest- 
igation, a  small  modern  eight-room  house  was  chosen, 
the  original  having  teen  actually  built  near  Boston. 
The  architects  were  cominissioned  to  prepare  the  sep- 
arate plans  ai^G  specifications  necessary  for  obtain- 
ing bids  for  this  house  when  tuilt  according  to  the 
various  types,  No's  1  to  9,    of  exterior  wall  con- 
struction.  All  Other  details  were  comm.on  to  all  types. 
Simultaneous  tids,  No's  1  to  5,  were  secured  from 
five  equally  reliable  contractors,  who  were  fully 
advised  of  the  ob.-^ect  of  the  investigation,  and  each 
one  of  whom  stood  ready  to  enter  into  a  contract  for 
f^e  house  at  the  figures  submitted. 

This  investigation  indicates  that  hollow  tile 
exterior  wall  construction  is  intermediate  in  cost 
between  frame  and  brick  coi^struction,  and  is  practi- 
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cally  on  a  par  with  frame  unless  the  latter  is  en- 
tirely of  wood,  as  clapboards.  A  great  many  houses 
have  actually  been  built  with  hollow  tile  exterior 
walls  at  a  cost  the  same  as,  or  even  less  than,  that 
of  frame  construction  for  similar  designs,  as  well  as 
a  larger  number  at  a  cost  more  nearly  corresponding 
to  the  foregoing  comparison. 
Fire  Loss  in  the  United  States. 

In  Bulletin  #418,  issued  recently  by  the  Geol- 
ogical Survey,  there  is  contained  the  following  data: 

"The  total  cost  of  fires  in  the  United  States 
in  1907  amounted  to  almost  one  half  the  cost  of  new 
buildings  constructed  in  the  country  for  the  year. 
The  total  cost  of  the  fires,  excluding  that  of  forest 
fires  and  marine  losses,  but  iHCluding  excess  cost  of 
fire  protection  due  to  bad  construction,  and  excess 
premitims  over  insurance  paid,  amounted  to  over 
|456,485,000,  a  tax  on  the  people  exceeding  the  total 
value  of  the  gold,  silver,  copper,  and  petroleum  pro- 
duced in  the  United  States  in  that  year. 

"The  actual  fire  losses  due  to  the  destruction  t.f 
buildings  and  their  contents  amounted  to  |215,084,709 
a  per  capita  loss  for  t^.e  united  states  of  ^r,5T. 
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The  per  capita  loss  in  the  cities  of  the  six 
leading  European  countries  amounted  to  tut  33  cents, 
or  atout  one-eighth  of  the  per  capita  loss  sustained 
in  the  United  States.   I'^  additio^^  to  this  v^aste  of 
wealth  and  natural  resources,  144P  persons  were 
killed  and  f6E4  were  injured  in  fires." 

In  a^^  address  "before  the  meeting  of  the  Natio'^- 
al  Engineering  oocitiss  on  the  "Conservation  of  Nat- 
ural Resources"  .viarch  ?4,  IPOP.  iir.  Charles  V.  Baker, 
Editor  of  the  Engineering  News,  said,  in  part:- 

"Ths  results  ottained  indicate  that  the  total 
annual  cost  of  fires  in  the  United  States,  if  build- 
ings were  as  nearly  firs-proof  as  in  Europe,  would  te 
!P0,0:0,000,  and,  therefore,  that  the  United  States 
is  payi'^g  annually  a  preventable  tax  of  more  than 
|7'=^(^,000,000,  or  nearly  enough  to  build  a  Panama 
Canal  each  year. 

"The  estimated  cost  of  private  fire  protection, 
including  capital  invested  in  construction  and  equip- 
ment, aggregates  about  150,000,000,  and  the  annual 
interest  on  this  sum  and  the  annual  cost  of  watch- 
nei^'s  services  ar.ount  to  about  $13,000,000." 
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These  enormous  amounts  annually  taken  from  the 
resources  of  the  country  are  collected  through  in- 
creased taxes,  rents,  and  premiums  and  do  not  include 
the  loss  of  rents  and  business  when  buildings  are  des- 
troyed, nor  loss  of  wages  when  men  are  thrown  out  of 
emplosnnent  "by  the  burning  of  factories.   The  only 
people  to  benefit  by  the  fires  are  the  dealers  in 
"building  materials  and  mechanics  engaged  in  the  build- 
ing trades. 

Improvement  along  the  line  of  better  construction 
can  only  come  gradually,  but  settled  communities  by 
stringent  building  laws  can  and  should  hasten  such 
improvement.   Old  buildings  cannot  be  torn  down  and 
replaced  at  once,  but  no  more  fire- traps  should  be 

allowed  to  be  built  where  they  are  a  menace  to  the 
lives  and  property  of  other  owners. 
Advantages  of  Fireproof  Construction : - 

At  the  present  price  of  building  materials  in 
most  localities,  fireproof  construction  can  be  erect- 
ed at  a  cost  not  to  exceed  ten  or  fifteen  per  cent 
more  than  non-fireproof.   A  building  of  the  former 
type  deteriorates  only  a  small  fraction  of  one  per 
cent  a  year,  as  compared  with  the  four  per  cent  of  or- 
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dinary  "buildings,  Other  advantages  are  that  the  former 
rent  tetter;  that  money  can  be  borrowed  on  them  at  bet- 
ter terms;  that  they  are  vermin  proof,  warmer  in  winter 
and  cooler  in  summer,  and  hence  it  would  certainly  seem 
a  part  of  wisdom  and  self  interest  to  adopt  the  better 
method  when  the  building  is  to  be  of  a  permanent 
character. 

Of  course,  only  buildings  that  are  fully  fire- 
proofed  stand  when  the  test  by  fire  comes,  but  a 
semi-fireproof  house  with  fireproof  walls,  an  in- 
combustible roof  covering,  and  v.'Ooden  floor  beams, 
roof  rafters  and  stud  partitions,  is  a  very  decided 
improvement  over  the  best  building  constr-ucted  en- 
tirely of  wood.   As  shown  heretofore,  it  will  cofet 
but  little  more  than  the  latter.    In  almost  all 
parts  of  the  country  it  is  given  the  same  fire  in- 
surance rates  as  brick  dwellings,  while  the  more 
nearly  all  fireproof  buildings  are  each  a  special 
risk  and  are  given  special  low  ratings  according  to 
the  character  of  the  design  and  the  grade  of  work- 
manship. 
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M§:!2Hl!S2tui:s  of  the  Blocks. 

Hollow  tile  fireproofing  is  n-.ade  from  various 
grades  of  clay,  ranging  in  quality  from  pure  fire- 
clay to  the  relatively  impure  grades.   There  are 
three  general  classes  of  fi'^ished  product:-  porous, 
semi-porous  and  hard-burned  ware.   In  making  porous 
"blocks  a  large  percentage  of  sawdust  is  added  to  the 
pure  clay.   The  sawdust  is  entirely  consumed  in  the 
kiln  thus  giving  the  "blocks  their  porous  character. 
I"  t^e   m.anufacture  of  the  semi-porous  grade  a  vary- 
ing amount  of  clean  fire  clay  and  tituminous  coal  is 
added  to  a  moderately  high  grade  of  clay.   In  the 
hard-turned  ''rare  there  is  no  comtustitle  material 
added,  although,  to  prevent  abnormal  shrinkage, 
crushed  tils  or  sand  sometimes  is  added  in  small 
proportions. 

Suitable  clay  for  one  or  more  of  the  different 
grades  ir.  found  in  practically  every  state  in  the 
Union.   There  m.ay  be  ten,  or  even  more,  different 
clay  veins  at  varying  depths  below  the  surface.   The 
ground  clay,  or  top  vein,  is  usually  the  least  pure. 
The  purest  vein  is  usually  one  of  the  lower  strata. 
The  clay  for  manufacturing  purposes  is  obtained  both 
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from  open  pits  and  froc!  mines.   The  raw  clay  in  the 
form  of  lumps  of  various  sizes,  is  conveyed  in  duff^p 
cars  to  the  clay  house.   It  is  then  shovelled  as  re- 
quired onto  the  pans  of  the  grinding  mills.   After  being 
ground  it  is  taken  by  belt  conveyors  to  the  moulding 
machine,  "tempered"  with  water,  end  mixed  with  sawdust 
or  ground  tile,  etc.,  according  to  the  finished  pro- 
duct for  which  it  is  intended.   It  is  then  in  the 
plastic  form  and  is  forced  through  any  one  of  the 
many  dies  onto  the  moulding  platform.   Here  it  is 
wire-cut  to  lengths.   The  green  blocks  thus  formed 
are  lifted  onto  double  or  triple  deck  trucks  and 
taken  to  the  driers.   The  moisture  is  partially  re- 
moved by  drying  at  ordinary  tem.perature  for  about 
forty-eight  hours,  and  then  the  temperature  is  grad- 
ually increased  to  about  175' ,  which  is  maintained  to 
the  end  of  the  drying  period. 

The  blocks  are  next  placed  in  the  kilns,  which 
are  sealed  and  fired.   The  temperature  is  kept  mod- 
ate  for  a  time,  called  "slow-firirg,"  and  is  then  grad- 
ually raised  to  a  maximum,  called  "full-fired,"  for  the 
different  classes  of  material.   In  the  last  few  years 
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pyrometers  have  been  used  ir  regulating  the  tempera- 
tures which  before  had  been  solely  a  matter  of  judg- 
ment and  experience.   The  highest  temperature  used  is 
about  2500" F  for  the  hard-burned  or  vitrified  pro- 
duct, PCOO* -2100"  F  is  common  for  ordinary  fire- 
proofing  and  structural  shapes.   These  temperatures, 
however,  must  be  varied  considerably  for  different 
clays.   The  high  temperature  is  held  until  the  heat 
has  thoroughly  permeated  the  interior  of  the  individ- 
ual blocks  as  well  as  uniformly  through  the  kiln.   It 
is  then  gradually  lowered,  thus  annealing  the  material 
and  preventing  cooling  cracks. 

As  soon  as  the  blocks  are  cool  enough  to  handle 
they  may  be  taken  from  the  kilns  either  directly  into 
box  cars  for  shipment  or  into  the  yards  for  storage. 
P]2Zsi5Sl  Characterisli£s. 

Burned  tile  naturally  resembles  brick  closely, 
as  the  material  and  manufacture  are  almost  identical. 
The  color  varies  from  a  light  grey  terra  cotta 
through  various  shades  of  buff,  yellow,  orange  and 
red  to  a  very  deep  brown.   It  is  sometimes  irrides- 
cent,  with  purple  and  other  tints.   The  surface  is 
sometimes  matt,  or  with  a  flat  color,  and  varies 
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from  that  up  to  a  high  glaze.   The  deeper  shades  and 

the  glaze  are  sometiires  due  to  high  temperatures  in 

ware 
■burning.   Very  hard  burned  or  vitrified^is  glazed. 

A  glaze  niay  be  burned  on  without  the  use  of  excessive- 
ly high  temperatures  by  putting  salt  in  the  kiln  fires: 
This  gives  what  is  knosn  as  a  "salt-glaze"  as  on  sewer 
pipe,  electric  conduits,  a^^d  the  old  style  building 
blocks.   Salt-glazed  partition  tile  is  often  used 
without  other  finish,  than  possibly  paint,  for  pent 
houses  and  curtain  walls  of  large  steel  skeleton  build- 
ings.  Any  considerable  glaze,  however,  is  a  defect 
when  the  material  is  used  for  ordinary  structural  or 
fire-proofing  work,  since  mortar  and  plaster  dc  not 
adhere  to  it  reliably. 

In  general,  the  seiri-porous  end  hard  _  burned 
grades  are  most  desirable  for  structural  uses  where 
strength  is  of  prime  consideration.   The  porous  grade 
is  used  where  fireproofing  is  the  prime  consideration 
and  great  strength  is  net  required,  except  as  may  be 
obtained  by  thickening  the  shells  and  webs  of  the 
blocks. 

Porous  terra  cotta  will  take  and  hold  nails  al- 
most as  well  as  wood.   When  used  for  this  purpose. 
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however,  tbe  courses  which  are  to  be  railed  should  "be 
laid  up  in  solid  blocks  only.  In  sorae  govemEient  work 
no  combustible  material  whatever  is  allowed  in  fire- 
proof partitions,  and  the  wood  trim  is  fastened  to 
solid  porous  blocks  in  thin  courses  at  whatever  heights 
are  required.   Hollow  porous  blocks  can  almost  invar- 
iably be  used  for  partitions,  colun.n  covering,  filler 
blocks  for  combination  reinforced  concrete  floors 
having  a  topping,  and  similar  places  where  the  unit 
crushing  stresses  will  not  be  large.   They  are  used 
to  a  considerable  extent  for  floor  arches  carrying 
relatively  light  loads,  since  the  material  is  light 
and  the  webbs  and  shells  may  be  thickened  without 
making  tbe  construction  unduly  heavy. 

The  medium  hard  burned  semi-porous  blocks  prob- 
ably have  the  widest  application  of  use.   They  are 
suitable  for  floor  construction  of  all  kinds,  for 
partitions  except  where  necessary  to  nail,   for 
column,  beam,  and  girder  covering,  and  for  wall 
const  miction. 

Semi-porous  and  porous  tile  are  usually  only 
lightly  scored  or  scratched  on  the  exterior  sur- 
faces, as  plaster  for  interior  work  and  mortar 
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adhere  perfectly.  These  two  grades  also  stard  up  best 
under  combined  fire  and  water  tests,  as  when  a  par- 
tition or  ceiling  has  "been  exposed  to  fire  and  then 
subjected  to  the  force  and  cooling  effect  of  streams 
from  fire  hose.   In  this  connection   it  should  be 
noted  that  the  strength  of  a  tile  arch  is  not  mater- 
ially affected  even  if  the  entire  under  side  is  re- 
moved, purposely  or  by  the  action  of  fire  and  water. 
The  arch  action  is  due  to  the  top  shell  and  the  ver- 
tical webs  and  shells  and  is  not  destroyed  by  the 
removal  of  the  lower  shell.   A  ceiling  has  been  re- 
moved, in  one  case,  to  gain  a  slight  additional  head 
room,  and  in  the  Baltimore  ard  San  Francisco  fires 
a  considerable  part  of  the  ceiling  surfaces  were  strip- 
ped in  some  instances.   Tests  were  made  on  all  these 
and  none  had  to  be  removed  where  the  damage  was  to 
the  under  surface  only. 

The  greatest  structural  strength  is  obtained  by 
the  use  of  hard  burned  tile  made  from  well  m.ixed  and 
proportioned  materials  which  have  been  finely  ground. 
The  high  burning  temperature  is  liable  to  put  a  glaze, 
or  at  least  a  gloss,  on  the  surface,  so  that  this  mate- 
rial should  be  well  scored  to  take  plaster  satisfactor- 
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ily. 

In  the  testing  machine  single  blocks  of  dense 
hard  turned  tile  show  an  ultimate  crushing  strength  of 
as  high  as  10,000  pounds  per  square  inch  or  even  more. 
Semi-porous  blocks  vary  considerably,  3,000  to  4,000 
pounds  being  fair  average  values.   The  strength  of 
the  porous  blocks  is  considerably  lower,  varying 
greatly  according  to  the  proportions  of  sawdust,  the 
grades  of  clay,  and  the  temperature  of  burning. 
Principal  Shapes. 

As  indicated  hereto-fore,  hollow  tile  fireproof- 
ing  iray  be  used  for  aluost  jjnnumerable  purposes. 
Among  these  are  exterior  bearing  and  curtain  walls, 
columns  and  piers;  chimneys;  grain  bins;  silos; 
partitions;  floor  arches;  fillers  for  combination 
concrete  work;  patented  systems  of  floor  slabs,  as 
the  Johnson;  roofs,  as  book  tile;  furring;  and  col- 
umn beam  and  girder  covering;  etc.   The  shapes  of  the 
most  important  types  only  are  given  in  the  following 
paragraphs. 

The  vast  majority  of  the  tile  manufactured 
goes  into  walls,  partitions,  floors,  and  beam  and 
girder  covering. 
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Standard  Walls  and  Partition, Tile, 

These  are  rectangular  blocks  12"  X  12"  in  surface, 
and  varying  in  thickness  from  2"  to  12".   They  can  us- 
ually be  obtained  in  2" ,  3" ,  4" ,  5" ,  6" ,  7" ,  8" ,  9" , 
10"  and  12"  thicknesses,  but  for  immediate  delivery 
from  stock  only  the  even  figure  thicknesses  can  or- 
dinarily be  relied  upon. 

The  best  class  of  blocks  have  the  hollows  arranged 
in  sets  of  threes,  2"  to  about  7"  blocks  have  two  cross 
webs,  making  the  three  holes.   Usually,  6"  partition 
tile  have  three  holes,  and  6"  wall  tile  have  six  holes, 
the  latter  formed  by  the  addition  of  a  longitudinal 
web.   Eight  to  twelve  inch  tile  usually  have  six 
holes,  and  the  12"  tile  is  also  manufactured  with 
two  longitudinal  webs,  making  nine  holes. 

An  inferior  type,  usually  having  thinner  webs  and 
shells,  has  the  holes  arranged  in  sets  of  two,  that  is 
with  but  one  cross-web  for  the  lesser  thicknesses,  and 
one  longitudinal  web  additional  for  thicker  blocks. 

Solid  slabs  are  usually  necessary  in  bearing 
walls  and  arch  floors,  as  will  appear  later.   These 
are  usually  1"  thick  and  12"  long.   They  can  be  made 
of  any  width  desired  to  correspond  to  the  blocks, 
and  of  varying  lengths  if  desired. 
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The  foregoing  shapes  are  illustrated  on  Plate  I, 
Page  23   The  other  shapes  on  Plate  I  are  described 
later. 

While  12*  is  the  standard  length  of  hollows,  yet 
the  green  "blocks  as  they  are  pressed  out  through  the 
die  can  be  cut  off  at  any  length  desired.   A  certain 
percentate  of  S"  and  6"  lengths  are  usually  manufact- 
ured to  be  shipped  with  the  12"  lengths  of  any  order, 
to  facilitate  the  setting  of  the  tile.   About  16"  to 
18"  seems  to  be  the  practical  limit  of  length  for 
structural  material,  such  as  hollow  blocks  and  solid 
slabs.   Longer  blocks  are  liable  to  warp  and  crack 
during  the  drying  and  burning  processes,  giving  a 
high  percentage  of  waste. 
Floor  Tile. 

Hollow  tile  is  used  structurally  in  two  general 
classes  of  fireproof  floors.   These  are  first  self 
supporting  arch  floors,  usually  termed  "arches,"  and 
second  in  connection  with  reinforced  concrete,   as 
in  "eombination,"  "Johnson,"  and  "Two-way"  systems. 

In  the  second  class,  the  blocks  are  usually 
the  ordinary  rectangular  partition  tile.   In  some 
forms  these  have  "lips"  moulded  on  two  edges,  and 
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sometimes  solid  slabs  are  used  in  addition.   A  form 
of  "lipped"  block  is  shown  on  page  76,   The  reinforced 
floor  is  the  more  applicable,  from  a  cost  basis,  for 
the  smaller  fireproof  buildings,  and  a  further  dis- 
cussion is  given  in  Part  II  of  this  thesis. 

The  first  cjass  is  used  almost  entirely  in  cor'.- 
nection  with  steel  cage  construction  and  consists  of 
two  types  of  arches,  the  flat  and  the  segmental,  ^he 
blocks  used  are  either  "end  construction"  or  "side 
construction"  blocks.   "End  construction"  means  that 
the  blocks  abut  end  to  end,  so  that  the  hollows  extend 
continuously  at  right  angles  to  the  supporting  beams. 
In  "side  construction"  the  sides  of  the  blocks  abut,  so 
that  the  hollows  are  parallel  to  the  supporting  beams. 
In  all  types  the  joints  parallel  to  the  supports  are, 
of  course,  nearer  the  center  of  the  span  at  the  bottom 
than  at  the  top,  as  this  is  what  confers  the  self-sup- 
porting arch  action.  The  segmental  arch  may  be  either 
of  "end  construction"  or,  m.ore  often,  of  "side  con- 
struction" blocks,  and  the  joints  radial  or  not.  The 
flat  arc^  is  arn  "end  construction"  arch  ordinarily, 
except  that  the  "keys"  and  "skews"  may  be  of  "side 
construction."   Every  steel  supporting  member  should 
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t)e  entirely  incased  in  fireproofing  material.   The 

foregoing  considerations  are  the  chief  ones  which 

dictate  the  shapes  of  the  "blocks  given  hereafter. 

Plate  II,  Page  26   shows  several  forms  of  typical 

arches.   The  blocks  resting  against  the  beams  are  cal- 

led  the  "skews"  or  ""butts."  A  and  A  are  "end  con- 

1  8 
struction."  A,  A,  and  AV  are  "side  construction." 

The  center  blocks  are  the  "keys^  shown  at  D  and  D, 

end  and  side  construction  respectively.   Between  the 

keys  and  skews  are  blocks  E,  B,  B^  and  b'  known  as 

"lengtheners,"  "inters,"  or  "fillers."   Solid  slabs, 

as  C,  are  frequently  used  to  wedge  in  the  keys 

tightly.   The  line  of  greatest  pressure  is  near  the 

tops  of  keys  and  the  bcttom-s  of  skews,  and  these 

blocks  should  be  designed  so  that  their  strength  is 

in  accord.   "Various  forms  of  keys  are  shown  at  the 

bottom  of  Plate  II.   The  holes  in  filler  blocks 

are  usually  arranged  in  twos  or  threes,  forming 

two-,  three-,  four-,  six-,  nine-,  and  even  twelve 

and  sixteen  hole  blocks. 

The  standard  bevel  for  flat  arch  blocks  is  1" 

to  12".   While  radial  joints  are  sonretimes  specified, 

they  should  be  avoided,  because  their  use  entails 
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reedless  experse  in  manufacture,  as  well  as  confusion 

and  delay  in  setting,  without  compensating  advantages 

Beam  and  Column  Covering. 

In  flat  ceiling,  flat  arch  construction,  the 

arches  are  usually  made  the  same  depth  as  the  beams, 

and  are  set  1-1/2"  below  them.   The  beam  soffits  are 

then  protected  by  "soffit"  or"beam''  blocks,  or  by 

lips  moulded  on  the  skews.   In  the  former  case,  the 

soffit  block  is  held  in  place  by  the  bevels  of  the 

2      3 
skews  as  at  A,  A,  and  A,  Plate  II.   A  "lipped"  skew 

1 
is  shown  as  the  A  of  the  Side  Construction  flat 

arch  on  the  same  plate. 

Plat  and  segmental  arches  having  raised  skews 
4 
similar  to  A  must  be  supported  on  the  lower  flanges 

of  the  I-beams,  ard  the  flanges  fireproofed.   This 

is  usually  done  by  "clip"  tiles  -  E,  Plate  II  - 

with  partition  blocks  resting  upon  them.   Other 

forms  of  beam  and  girder  covering  are  shown  on 

Plate  III,  Page  28. 

Column  covering  should  be  at  least  four  inches 

thick,  and  piping  should  be  carried  ir  a  separate 

chase  outside  the  main  covering.   The  blocks  should 

designed  and  arranged  so  as  to  break  the  vertical 
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joints  in  setting.   Rectangular  columns  are  ordinarily 
incased  v.'ith  partition  blocks,  usually  with  special 
rounded  corners.   The  principal  shapes  of  "blocks  for 
circular  and  rectangular  columns  are  shown  on  Plate  111 
Miscellaneous  Shapes. 

In  exterior  wall  construction,  besides  standard 
wall  blocks  and  slabs.  Jamb  Blocks  and  Half  Jamibs  are 
alnost  essential.   These  are  usually  made  ir  6",  8", 
10"  and  1?"  thicknesses.  The  shapes  to  gp   with 
Standard  VJall  Blocks  are  illustrated  on  Plate  i  , 
Page  ??. 

The  size  of  the  rabbet  varies  in  different  sizes 
and  makes  of  blocks  from  about  ?"  X  4"  to  about  3"  X  8" 
the  3"  diii.ension  being  the  inset  for  the  weight  box  of 
a  window  frame.   Full  length  Jamb  Blocks  have  surface 
dimensions  of  1?"  X  IP"  in  the  wall;  Half  Jambs  of  S" 
X  IP".  i?'ractional  lengths  are  usually  manufactured  as 
for  ^''all  blocks. 

Arch  blocks  for  lintels  are  frequently  ths  best 
to  use  for  spanning  openings  in  exterior  walls. 
These  are  made  from  the  dies  of  standard  and  of  jamib 
blocks,  snd  in  P" ,  8",  10",  and  1?"  thicknesses. 
Skews,  fillers  of  lengtheners,  and  keys  are  shown 
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The  Finished  Product, 
on  Plate  I .   The  standard  "bevel  is  1"  in  12". 

Hollow  Building  Blocks  have  been  used  to  a  con- 
sideratle  extent  in  residences,  factories,  warehouses, 
etc.   The  standard  block  is  8"  X  S"  X  16".   fractional 
lengths,  ^^ ,  <=^",  8",  10",  IS"  and  14"  can  he  pro- 
cured; also  4"  instead  of  8"  thickness  in  full  and 
fractional  lengths.  Special  shapes  are  corner,  iamb, 
half- .jamb,  sill,  arch,  watertable,  cornice,  joist 
and  angle  blocks.   These  shapes,  except  the  half-jamb 
and  arch,  are  shown  on  Plate  iV,  Page  31.   They  are 
nrade  smooth-faced  and  rock-faced,  the  latter  being  in 
imitation  of  stone.  Arches,  sills,  watertables  and 
cornices  are  sometimes  tool-faced.   Buildings  con- 
structed of  blocks  of  this  type  are  not  intended  to 
be  stuccoed  on  the  exterior,  and  hence  the  blocks 
should  be  salt  glazed.   In  the  Appendix  at  the  top 
of  Page  l2.Sis  shown  a  side  wall  of  smooth  faced 
blocks.   At  the  bottom  of  the  saire  page,  the  mid- 
dle building  has  a  front  wall  of  rock  faced  blocks, 
and  the  building  on  the  right  is  made  of  standard 
wall  blocks,  deep-scored  for  plastering. 

Column  blocks  shown  on  Plate  i  V,  are  about 
4"  X  8-3/8"  X  8"  in  size.   To  comply 
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The  Finished  Product, 
with  the  Chicago  ordinances  the  total  sectional 
area  of  the  open  holes  shall  not  exceed  2(^%   of 
the  gross  sectional  area  of  the  "blocks .  A  4"  X 
4"  X  8"  block  with  one  hole  is  also  obtainable. 

"Bakup  Blocks"   as  they  are  termed  by  one 
manufacturer,  or  e"  X  4"  X  12"  ard  5"  X  8"  X  12" 
tile,  are  used  to  a  considerable  extent  for 
backing  up  brick  walls.   The  smaller  block  has 
one  hollow;  the  latter  has  two,  as  shown  on 
Plate  IV. 

Interlocking  Tile  is  also  shown  on  Plate  IV. 
The  over-all  dimensions  of  the  wall  tile  are  8" 
thick,  10"  high,  and  12"  long.   The  same  shape 
of  wall  tile  is  used  for  8",  12",  and  16"  walls; 
5"  X  8"  X  12"  tile  are  used  for  fillers  in  the 
16"  wall. 

The  lugs  abut  in  the  first  course,  and  it  i£ 
necessary  to  lay  two  rows  of  brick  in  the  cavity 
thus  formed.   In  the  12"  wall,  the  lug  of  the 
starting  tile  fits  under  the  lug  of  the  w^M- 
wall  tile.   In  the  8"  wall,  the  starting  tile 
fomis  the  first  course.   It  is  necessary  to  use 
corner  blocks  similar  to  partition  tile.   The 
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The  Finished  Product, 
window  jamb  shown  is  set  with  the  horizontal  lug 
on  the  inside.   A  "reverse"  shape  is  also  neces- 
sary, that  is,  one  having  that  lug  on  the  outside. 
The  door  jamfc  is  the  same  as  the  window  Jamb  with 
the  vertical  lug  omitted. 

Besides  the  system  just  described,  there  are 
some  using  somewhat  similar  blocks,  the  hollows 
being  set  vertically,  and  spaces  left  for  steel 
and  concrete  reinforcing. 

Silo  Tile  are  shown  on  Plate  V,  Page  34. 
The  small  holes  in  the  corners  are  for  the  dowels, 
used  to  pin  adjacent  courses  together.   The  center 
and  right  hand  sections  are  for  jambs,  single  and 
double  width  so  as  to  stagger  the  vertical  joints 
of  adjacent  courses. 

Bin  and  chimney  tile  are  usually  curved 
slightly,  and  shaped  so  as  to  permit  of  horizon- 
tal and  vertical  reinforcement  at  regular  inter- 
vals.  The  construction  is  patterned  on  the  rein- 
forced concrete  designs,  but  tight  centering  is 
unnecessary.   The  horizontal  reinforcement  is  in 
the  form  of  a  band  or  hoop  of  steel  encased  in 
concrete  placed  in  a  U  or  trough  shaped  block. 
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The  Finished  Product. 

"Split"  Furring  Tile  is  ordinary  partition 
tile,  usually  3"  and  4"  thicknesses,  with  the  "blocks 
knifed  of"  "scored"  along  the  iriddle  of  the  cross-webs 
as  they  come  through  the  die.   After  the  "blocks  are 
burned  a  sharp  blow  will  crack  the  two  halves  apart. 
They  are  set  with  the  ribs  against  the  inside  of  a 
solid  wall,  the  hollow  space  thus  formed  insuring  a 
dry  surface  for  plaster.   Furring  is  secured  to 
the  wall  by  nails  about  three  feet  apart  in  alter- 
nate joints.   The  heads  of  the  nails  are  bent  over: 
or,  better,  held  by  washers. 

Book  Tile  is  used  for  flat  and  sloping  roofs 
and  ceilings  of  light  construction,  the  ends  of  the 
tile  being  set  on  light  T  irons.   Three  inch  and 
four  inch  thicknesses  are  commonly  used,  the  former 
usually  being  sufficient.   The  length  is  usually  from 
18"  to  24"  and  the  width  IP".   The  ends  are  some- 
times rabbeted  so  that  the  blocks  will  drop  a  little 
lower  than  the  flanges  of  the  T  irons  on  which 
they  rest.   Sometimes  the  book  tile  are  rabbeted 
so  as  to  drop  below  the  flanges   and  soffet  covers 
used  as  in  arches. 

Furring  and  book  tile  are  shown  on  Plate  V. 
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The  Finished  Product. 

In  the  foregoing,  coniprising  Part  I   of  this 
thesis,  has  beer  presented  a  "brief  discussion  of 
the  principal  features  of  hollow  tile  fireproofing. 
It  embraces  one  or  more  types  of  fireproofing  for 
all  classes  of  work,  large  and  small.   In  the  remain- 
der of  the  thesis,  the  subject  will  be  confined 
principally  to  such  forms  of  construction  as  utilize 
rectangular  blocks,  since  one  of  the  best  and  at  the 
same  time  the  simplest,  types  of  fireproof  construc- 
tion for  smaller  buildings  is  achieved  by  their  use. 
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Exterior  Construction. 
Intsrior  Construction. 
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Exterior  Construction. 

Introduction. 

Several  types  of  construction  have  been  given 
heretofore  for  walls  and  floors,  the  largest  items 
in  the  fireproofing  of  a  building.   It  has  been 
mentioned  that  the  walls  could  be  built  of  standard 
blocks,  hollow  building  blocks,  Bakup  Blocks,   or 
various  forms  of  interlocking  blocks.   The  common 
forms  of  floor  construction  are  flat  and  segmental 
arches,  and  a  combination  of  tile  and  reinforced 
concrete.   Tile  arch  construction  necessitates  a 
steel  frame  construction,  the  cost  of  which  is  pro- 
hibitive in  the  smaller  types  of  buildings,   and 
hence  the  discussion  of  floors  hereafter  will  be 
confined  to  combination  tile  and  concrete  as  far 
as  fireproof  construction  is  concerned.   The  sub- 
ject will  be  further  narrowed  by  omitting,  in  the 
wall  and  partition  construction,  the  hollow  build- 
ing blocks,  the  Bakup  block  ,  and  the  interlocking 
block  types.   Exterior  construction  will  be  treated 
first,   interior  construction  afterwards.    The 
classes  of  buildings  to  which  these  methods  are 
applicable  are  residences,  apartments,  hotels, 
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stores,  and  warehouses,  factories,  etc.   of  moder- 
ate loading  and  of  not  over  three  or  four  stories 
in  height. 
Exterior  Walls. 

Standard  wall  tlocks  are  laid  up  in  the  wall 
with  the  hollows  set  either  vertical  or  horizontal, 
the  forner  being  the  better  method  by  far.   Tests 
of  single  blocks  give  much  greater  strength  in  the 
vertical  position,  and  the  finished  wall  is  super- 
ior,  por  one  thing,  the  cross-webs  form  vertical 
stiffeners  in  the  former  position,  making  them  more 
effective  than  in  the  latter.   Another  reason  is 
that  most  tile  for  exterior  wall  construction  is 
deep-scored  on  all  sides,  which  reduces  the  ef- 
fective cross  section  considerably  if  laid  on  the 
side. 

A  third  reason  is  that  when  the  blocks  are  laid 
On  the  side  full  bed  joints  must  be  used  to  develope 
the  strength  of  the  blocks,  and  it  is  difficult  to 
make  tight  vertical  joints  at  hollow  ends. Moisture 
can  penetrate  to  the  inside  of  the  wall  only 
through  the  joints,  and  more  likely  through  either 
a  solid  or  a  loose  joint  than  through  a  tight  joint 
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which  is  not  continuous  through  the  wall.   The  latter 
can  easily  be  obtained  when  the  blocks  are  set  on  end. 
The  bed  joints  are  formed  by  mortar  on  the  longitudinal 
shells  and  webs.   No  attempt  is  made  to  superimpose 
the  cross-webs  and  shells,  it  being  unnecessary  and 
impractical,  in  fact.   Hence  the  cross-webs  are  not 
mortared,  ar^d  the  bed  joints  are  tight  but  not  con- 
tinous.   Only  the  edges  of  the  flat  sides  of  the 
blocks  are  buttered,  and  when  the  blocks  are  set 
close  together  the  mortar  spreads  a  little  toward 
the  center,  leaving  a  hollow  space  there  but  giving 
a  tight  joint  at  the  inside  and  outside  surfaces. 
Furthermore,  to  skilled  workmen  the  vertical,  or 
end,  construction  permits  greater  efficiency  of 
time  and  material.   It  is  only  where  demanded  by 
local  conditions  of  one  sort  or  another  that  the 
side  construction  -  with  hollows  laid  horizontal  - 
should  be  used. 

The  class  of  material  used  varies  somewhat 
according  to  local  demand,  and  also  according 
to  the  kind  available  at  moderate  prices. 
It  should  be  borne  in  mind  that  exterior  walls, 
except  in  skeleton  construction,  are  usually 
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bearing  walls,  and  hence  the  "blocks  used  should  te 
much  superior  to  the  thin  light  scored,  or 
scratched,  tile  intended  primarily  for  use  in  non- 
tearing  partitions.   The  latter  is  usually  at  least 
semi-porous  or  often  full  porous,  and  only  msdivun 
well  burned  at  best.   The  tile  for  exterior  wall  con- 
struction should  be  at  least  of  a  medium  dense  and 
well-burned  material.   This  will  give  sufficient 
strength  for  residence  construction,  for  instance, 
but,  as  a  general  rule,  the  denser  the  material  and 
the  harder  burned  it  is,  the  greater  will  be  the 
strength.  The  thicknesspf  the  interior  webs 
should  be  from  l/p"  to  .f /8" ,  that  of  the  shells 
from  3  A"  to  1". 

A  good  mortar  to  use  i^  composed  of  ohe  part 
lim.e  to  four  part^  sand  to  one  part  cement.  The 
lime  should  be  slaked  in  advance  of  requirements, 
with  just  enough  sand  to  m.ake  it  work  easily.   The 
cement  and  sand  should  be  mixed  dry  in  the  propor- 
tions of  about  one  to  three.   Just  before  required 
for  use,  the  cement  and  sand  mixture  is  added  to 
the  slaked  lime,  adding  water  to  produce  the 
right  consistency,  and  enough  sand  to  make  the 
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total  mixture  one  to  four  to  one. 

Often  a  one  to  three  Portland  cement  mortar 
is  specified:  the  addition  of  well  slacked  lime, 
not  to  exceed  10??  of  the  volume  of  the  cement, 
being  allowed. 

Exterior  wall  construction  will  be  taken  up  in 
the  order  of  footings,  foundations,  and  superstruct- 
ure. 

In  a  few  cases  where  it  was  known  that  the 
soil  would  support  the  walls  safely,  no  spread 
foundations  were  used.   The  bottom  course  of 
tile  was  laid  on  the  side  instead  of  on  end,  thus 
making  an  S"  or  12"  bearing  on  the  soil  according 
to  the  thickness  of  the  $K  «Jt8  basement  walls. 
This  will  seldom  be  sufficient  and  is  not  to  be 
recommended  in  any  case.   It  is  often  sufficient, 
however,  to  use  the  8  J  8  X  16  -  inch  old  style 
side  construction  hollow  building  blocks,   These 
are  laid  crosswise  of  the  wall,  thus  giving  a  16" 
bearing  on  the  soil.   Fig.  1,  Plate  VI,  Page  43 
shows  an  8"  wall  extending  below  frost  line  with 

a  building  block  footing.   While  these  forms  can 

in 
be  used  to  advantage  occassionally,  yet  ^^the  large 
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majority  of  cases  the  usual  concrete  footing  will 
prove  most  satisfactory. 

Wherever  there  is  earth  pressure  on  one  side 
only,  the  foundation  walls,  starting  from  the  top 
of  the  footings  and  extending  to  the  level  of  the 
first  floor,  should  be  built  of  12"  blocks.   It  is 
far  better  to  use  here  the  strong  and  substantial 
six  hole  and  nine  hole  shapes.   The  nine  hole  block 
will  give  a  triple  air  space  for  temperature  and 
moisture  insulation  no  matter  which  face  of  the 
block  is  set  on  the  outside.   The  six  hole  blocks 
should  be  se't  so  that  two  of  the  interior  webs  run 
lengthwise  of  the  wall,  thus  giving  a  triple  air 
space  instead  of  a  double,  and  t-,^  interior  webs 
taking  compression  instead  of  one,  as  would  be  the 
case  otherwise.   Joints  are  broken  at  the  comers 
by  using  6  X  12  X  12  -  inch  blocks  as  shown  by  Fig. 
3,  Plate  Vi. 

livany  houses  have  been  built  with  8"  tile  founda- 
tions, but  this  is  questionable  construction.   As  a 
general  rule,  nothing  less  than  a  12"  thickness 
should  be  used.   A  tile  foundation  wall,  or  in  fact 
any  mas£>nry  foundation,  should  be  protected  from 
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moisture  and  freezing  by  an  outside  coating  of  some 
sort.   Ordinarily,  a  one-half  or  three-quarter  inch 
coat  of  rich  cement  mortar  will  prove  sufficient. 
Sometimes  a  special  waterproof  cement,  or  a  coating 
of  some  tar  or  asphalt  product  is  used.   There  are 
in  the  market  numerous  preparations  to  add  to  the 
mortar  or  to  apply  to  the  plaster  after  setting,  in 
order  to  make  a  wall  impervious  to  water.   Except 
where  there  is  an  excessive  drainage  towards  the 
"building,  however,  the  single  coat  of  rich  mortar 
will  prove  satisfactory. 

The  standard  tile  used  in  the  superstructure 
is  the  six-hole,  6  X  12  X  12  -  inch  block.   This  is 
laid  up  to  form  an  8"  wall,  each  block  making  a 
square  foot  of  wall  and  giving  a  double  air  space. 
The  8"  wall  fits  nicely  onto  the  12"  so  as  to  give 
direct  bearing,  the  exterior  shells,  the  interior  «x« 
shells  and  the  interior  webs  of  the  3"  blocks  super- 
imposing directly  upon  the  exterior  shells,  the  in- 
side webs,  and  the  outside  webs  respectively  of  the 
12''  blocks,  as  shown  by  Fig.  2  Plate  VI.   No  special 
corner  blocks  are  needed  for  breaking  joints  in  an  8" 
wall,  as  s_hown  by  Pig.  4,  Plate.  VI. 
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One  inch  solid  slats  of  the  same  width  as  the  wall 
should  be  used  to  give  a  solid  bearing  for  the  floors. 
Thus,  at  the  level  of  the  basement  ceiling,  a  course 
of  1  X  12  X  12  -  inch  slabs  should  be  laid,  upon  which 
the  first  floor  joists  or  slab  rest.   These  solid  slabs 
are  ordinarily  run  entirely  around  the  building  so  as 
to  keep  the  courses  level.   In  the  foregoing  case, 
1  X  12  X  S  -  inch  slabs  would  be  used  at  the  level  of 
the  first  story  ceiling,  upon  which  the  second  floor 
would  rest.   Six  and  ten  inch  widths  of  slabs  are  also 
easily  procurable. 

While  3"  is  the  standard  wall  thickness,  and 
nothing  thinner  is  to  be  recommended,  yet  all  sizes 
from  4"  up  have  been  used.   At  Rose  Valley,  Pa.,   a 
seven-room  residence  was  erected  of  4"  material, 
stuccoed  direct  on  the  outside  and  plastered  direct 
on  the  inside.   This  withstood,  entirely  without 
damage,  a  particularly  severe  storm  before  the  roof 
or  stucco  were  put  on.   At  Glen  Ellyn,  111.,  there 
are  two  houses  of  6"  tile  giving  perfect  satisfaction  . 
The  vast  majority  of  the  houses  have  been  built  of  8" 
material.   Ten  and  twelve  inch  have  been  used  to  giv3 
certain  architectural  ,effects  or  in  cases  of  extra 
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heavy  floor  loads.   A  special  corner  block  is  neces- 
sary in  10"  as  in  12"  walls.   For  the  former  the  us- 
ual size  is  4  X  10  X  12  -  inches  or  5  X  10  X  12  - 
inches. 

A  number  of  houses  have  been  built  with  the 
second  and  third  story  walls  thinner  than  the  first 
story.   This  is  criticized  by  some  as  giving  eccen- 
tric loads  in  the  first  story  walls.   The  lack  of 
failures  due  to  this  cause  makes  the  criticism  seem 
unfounded,  except  that  8"  or  thinner  walls  in  the 
first  story  should  not  be  decreased  in  the  second. 

Except  where  the  reduction  js  from  12"  to  3" , 
as  in  Fig.  2,  Plate  VI,  a  solid  slab  or  similar 
devise  should  be  used  in  the  wall  under  the  first 
course  of  thinner  tile.   The  New  York  ordinances 
contain  a  section  as  follows:-  "When  hollow  tile 
walls  are  decreased  in  thickness,  the  tiles  in  the 
top  course  of  the  thicker  wall  shall  be  filled  with 
Portland  cement  concrete." 

It  is  customary  to  use  only  one  thickness  of 
tile  for  either  exterior  walls  or  foundations.   In 
the  early  days  of  tile  wall  construction,  however, 
a  number  of  double  wall  structures  were  built,  and 
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one  rscent  example  is  a  house  at  Ottawa,  111.,  con- 
structed in  1910.   This  Ottawa  residence  has  15  inch 
walls,  composed  of  8"  tile  on  the  inside  and  6"  on 
the  outside,  with  a  l**  space  "between.   The  house  was 
of  unusually  heavy  fireproof  construction  throughout, 
and  it  was  considered  advisable  to  use  extra  thick 
walls. 

City  building  ordinances  will  often  govern  the 
thickness  of  tile  walls  and  usually  specify  that  the 
first  story  at  least  shall  be  12",   The  Chicago  or- 
dinances allow  tile  exterior  walls  up  to  four  stories 
in  height,  and  require  that  they  conform  in  thickness 
and  height  to  the  dimensions  required  for  brick  walls. 
A  primary  bearing  wall  may  be  loaded  not  to  exceed  350 
pounds  per  square  inch  of  net  sectional  area  of  tile. 
The  New  York  ordinances  allow  250  pounds  per  square 
inch  when  set  on  end,  and  150  pounds  per  square  inch 
when  set  on  the  side.   The  strength  of  a  hollow  tile 
wall  is  discussed  further  in  the  Appendix,  on  Page  ]?^\, 

An  occassional  block  set  horiEontal  does  not 
appreciably 

impare  the  strength  of  a  wall;  and  in 

setting  the  tile  there  are  now  and  then  closures 

to  make  requiring  less  than  a  full  block,  a  block 
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may  be  easily  broken  lengthwise  of  the  hollows  and 
thus  utilized,  but  this  involves  more  or  less  waste 
of  time  and  material.   Also,  it  is  seldom  that  ceil- 
ings can  be  put  in  at  the  proper  height  if  only  full 
blocks  are  used.   In  both  these  cases  fractional 
lengths  are  almost  indispensible.   Solid  slabs, 
partly  ordered  and  partly  obtained  from  broken 
blocks,  are  also  used  in  this  connection.   lYortar 
[joints  can  be  made  to  average  about  2/3  inches  per 
block,  and  with  this  in  mind  the  architect  or  con- 
tractor can  plan  ceiling  heights,  spaces  between 
openings,  etc.,  so  as  to  avoid  as  much  cutting  as 
possible. 

Blocks,  otherwise  sound  and  strong,  sometimes 
have  the  longitudinal  webs  cracked  open.   Such 
blocks  should  be  rejected,  as  the  advantage  of  a 
double  air  space  is  thereby  destroyed,  although 
the  strength  of  the  blocks  is  not  seriously  im- 
pared. 

Wood  trim,  such  as  base-boards,  chair  rails, 
picture  mouldings,  etc.,  is  nailed  to  grounds 
flush  with  the  plaster.   These  grounds  are  se- 
cured on  the  walls  by  means  of  plugs  or  cleats 
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in  the  joints  between  blocks.   The  latter  are  narrow 
wood  strips   about  1/4"  X  5"  X  12"  set  so  that  a 
tongue  on  the  bottom  end  extends  into  a  hollow  in 
ths  course  below.   They  are  set  in  the  wall  when  the 
tile  are  laid.   Plugs  may  be  of  wood  or  metal.   The 
former  are  inset-ted  after  the  tile  are  laid  by  driv- 
ing a  cold  chisel  into  the  joints  at  the  proper  heights 
and  then  pounding  the  plug  in  until  wedged  tightly. 
Metal  wall  plugs  are  thought  most  satisfactory  by 
many  architects  and  others.   The  common  form  amounts 
practically  to  a  thin  clip  set  in  the  joints  when  the 
tile  are  laid,   A  nail  driven  through  the  ground  into 
the  plug  is  held  fast  by  being  clipped  or  wedged  be- 
tween the  two  sides  of  t^e  plug. 

Steam,  vent,  and  other  pipes  may  be  placed  in 
the  exterior  wall  by  cutting  a  vertical  chase  after 
the  wall  is  set.   The  inner  shell  is  broken  carefully 
so  as  not  to  shatter  the  inner  webs,  and  so  as  to 
leave  the  protection  afforded  by  one  air"  space  at 
least,   it  is  well  in  severe  climates  to  pack  the 
spaces  around  the  steam  or  water  pipes  with  an  in- 
sulating material.   The  broken  space  in  the  wall 
should  be  covered  with  metal  lath,  lapped  several 
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inches  over  the  tile  on  each  side,  "before  plastering. 
Soil  and  other  large  pipes  are  usually  boxed  into  a 
corner  inside  the  wall.   Care  should  be  taken  not  to 
cut  a  pipe  chase  where  the  wall  is  already  loaded  to 
the  maximum  allowable  unit  stress,  as  at  a  narrow 
space  between  openings. 

There  are  many  details  for  the  wall  construction 
at  floor  levels.   If  the  floors  are  of  fireproof  con- 
struction, the  floor  slabs  rest  upon  a  tile  slab  for 
bearing  and  to  close  up  the  hollows  of  the  course  be- 
low.  A  thin  facing  tile  is  customary  at  the  end  of 
the  slab,  as  shown  on  Plate  VI,  Fig.  5. 

Where  a  wooden  floor  rests  on  a  tile  wall,  one 
detail  is  to  use  a  double  course  of  tile,   A  four 
inch  facing  is  set  continuous  along  the  ends  of  the 
joists,  on  the  outside  of  the  wall.   The  space  between 
the  joists  is  filled  in,  and  the  joists  wedged,  with 
3  or  4  -  inch  tile  and  bats  of  broken  tile,  as  shown 
by  Pig.  6,  Plate  VI,  or  with  brick  in  place  of  the 
filler  tile.   Sometimes  a  course  of  brick  is  laid 
around  the  inside  of  the  wall  in  place  of  the  joist 
slabs.   Probably  the  most  satisfactory  method  is  to 
use  the  same  size  tile  at  the  floor  levels  as  is  used 
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between  floors,  and  to  merely  break  out  a  piece  of 
the  inside  shell  to  allow  the  end  of  the  joist  a 
bearing  in  the  wall.   Care  should  be  used  to  leave 
the  outside  cell  at  the  end  of  the  joist  unbroken 
so  as  to  have  an  air  space  there.   This  is  shown  by 
Fig.  7,  Plate  VI. 

Lintel  construction,  carrying  walls  and  floors 
over  openings,  may  be  divided  into  three  general 
classes  -  supported  lintels,  reinforced  lintels, 
and  arch  lintels.   The  term  supported  implies  a 
construction  whereby  the  strength  of  the  tile  is 
not  utilized  directly.   The  most  common  form  is  to 
carry  the  walls  across  the  openings  on  structural 
steel  of  some  shape  or  other.   For  this  purpose  the 
following  have  been  used;   angles  rivet ted  back  to 
back,  I  -  beams,  and  channels  separated  the  width 
of  the  wall.   The  first  type  is  shown  by  Fig.  8, 
Plate  VII,  Page  53   The  lintels  of  this  and  other 
types  shown  are  those  that  would  be  used  for  plain 
wall  openings  such  as  at  an  entry,  details  for  door 
and  window  frames  not  affecting  the  actual  lintel 
design. 

Channels  and  I  -  beams  may  be  covered  similarly; 
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or  "by  standard  "beam  covering  as  described  previously, 
although  the  use  of  the  latter  is  very  infrequent  in 
this  connection.   The  fault  with  most  supported  lin- 
tels is  that  more  or  less  expanded  metal  must  be  used 
to  cover  the  stsel  to  hold  the  plaster. 

The  following  makeshift  has  been  used  to  some 
extent.   A  contractor  haa  intended  to  use  reinforced 
lintels,  but  considered  the  weather  too  cold  to  put 
in  concrete  with  safety.   Accordingly  he  took  regula- 
tion wall  blocks  and  broke  off  one  edge  of  each  shell, 
forming  a  4  X  4  -  inch  rabbet  on  each.   He  placed  two 
2  X  4' 3  across  the  inner  side  of  the  wall  at  each 
opening,  and  strung  the  carefully  broken  wall  tile 
along  these,  the  2  X  4's  filling  the  rabbets,  and  the 
joints  between  the  tile  being  buttered.   This,  of 
course,  gave  an  unbroken  surface  for  plastering,  and 
after  the  mortar  set  there  was  more  or  less  arch 
action  formed.   This  is  at  best,  however,  only  a 
makeshift,  because  it  is  poor  construction  to  support 
tile,  which  is  a  permanent  masonry,  on  any  form  of 
wood,  which  is  not  only  liable  to  shrink  or  warp, 
but  also  to  be  burned  out  in  case  of  fire. 

The  common  method  of  lintel  construction  is  by 
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reinforcing,   for  ordinary  window  and  door  openings  it 
is  sufficient  to  use  a  lintel  formed  of  ordinary  )J^x* 
blocks  with  the  hollows  horizontal,  the  bottom  two 
being  filled  with  concrete  in  which  are  embedded  two 
steel  rods,  one  in  each  hollow.   These  are  ordinarily 
built  vertically  on  the  ground  and  hoisted  into  place 
after  setting.   All  the  webs  and  shells  between  the 
blocks  should  be  well  buttered  with  cement  mortar. 
This  type  is  shown  by  Fig.  9,  Plate  VII.   For  wider 
spans  or  heavier  loads  it  is  sometimes  advisable  to 
fill  up  all  the  cells  of  the  tile,  thus  making  a  solid 
lintel.   This  is  objectionable  because  the  insulation 
due  to  air  spaces  is  thereby  destroyed.   The  solid 
lintels  are  also  made  by  pouring  the  concrete 
through  holes  broken  through  the  tops  of  the  blocks 
after  they  have  been  set  in  place  resting  on  the 
frarres  or  on  bucks,  with  the  reinforcing  rods  in 
proper  position.   A  well  made  solid  lintel  with  1/2" 
square  bars  in  the  bottom  can  be  used  for  spans  up 
to  about  eight  feet.   There  should  be  a  bearing  of 
at  -least  one  foot  on  each  side  of  the  opening  span- 
ned, so  that  long  solid  lintels,  being  heavy  to 
handle,  are  usually  moulded  in  place  as  described 
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atove,  or  in  one  of  the  following  forms. 

A  method  "better  in  some  respects  than  any  of 
the  foregoing  is  to  use  a  thin  facing  tile  on  each 
side  of  the  lintel,  as  shown  "by  Figs.  10  and  11, 
Plate  VIx.   A  soffit  form  is  placed  across  the  top 
of  the  opening  and  2"  facing  tile  secured  flush  with 
the  inside  and  outside  of  the  wall.   A  concrete  "beam 
with  reinforcing  steel  is  then  formed  between  the 
facing  tile.   This  lintel,  Fig.  10,  then  has  a  con- 
tinuous tile  facing  for  the  plaster  and  hollow  spaces 
on  each  side  for  insulation.   Sometimes  it  is  advis- 
able to  extend  the  concrete  from  two  to  six  inches 
above  the  facing  tile,  so  as  to  form  a  T-  beam  of 
concrete,  shown  by  Pig.  11.   This  is  in  case  of  wide 
spans  and  heavy  loads.   Both  figures,  10  and  11,  show 
a  soffit  slab.   This  would  be  omitted,  of  course, 
wherever  door  and  window  frames  //&vb   to  be  put  in. 

The  arch  lintel  has  tbe  advantage  of  needing 
no  supporting  or  reinforcing  steel,  the  blocks 
being  set  in  the  same  manner  as  the  wall  blocks,  ex- 
cept that  the  ends  of  all  webs  and  shells  should  have 
full  joints.   The  blocks  are  plain  or  rabbeted,  as 
shown  on  Plate  I.   Skews  are  not  rabbeted,  but  always 
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plain,  so  as  to  insure  good  bearing.   All  "blocks  are 
beveled  at  one  or  both  ends,  the  slope  being  1"  in 
1?".   Skews  are  12"  long  at  the  bottom  and  11"  at 
the  top.   Fillers  are  ^"^    long  top  and  bottom,  being^^' 
beveled  in  the  same  direction  at  both  ends.   Rabbeted 
fillers  must  be  supplied  in  lefts  and  rights.   Keys 
are  6"  long  at  the  bottom  and  8"  at  the  top.   Each 
arch  will  require,  of  course,  two  skews  and  one  key, 
the  length  of  the  arch  being  determined  by  the  number 
of  fillers  used.   This  construction  is  merely  an  appli- 
cation of  the  flat  arch  construction  previously  des- 
cribed.  The  blocks  may  be  made  of  any  desired  length, 
but  the  foregoing  have  been  found  satisfactory.   Arch 
lintels  of  plain  blocks  may  be  used  safely  up  to  six 
foot  spans  except   in  very  heavy  construction. 

The  strength  of  the  lintels  of  any  type  should 
always  be  investigated  for  the  case  in  hand/by  the 
rules  of  structural  design  involved,  as  the  values 
given  are  intended  only  as  a  general  approximation. 

Arched  openings  of  approximately  three  feet  in- 
ner radius  may  be  constructed  of  flat  arch  keys.  Blocks 
beveled  for  any  radius  may  be  secured  by  special  order. 
However,  two  course  rowlock  common  or  hollow  brick 
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arches  are  usually  constructed  for  arched  openings. 
They  should  te  well  "bedded  on  the  tile  "blocks, and 
not  placed  so  near  a  corner  that  the  thrust  of  the 
arch  would  "be  dangerous.   If  the  top  of  the  arched 
opening  is  very  flat,  a  curved  lintel  similar  in 
section  to  Fig.  10  or  Fig.  11   is  also  used. 

Dou'ble  hung  windows,  but  not  doors  or  case- 
ment windows  of  the  ordinary  description,  require 
nani"b-blocks.   Being  supplied  in  so-called  "halves" 
a^d  in  fractional  lengths,  it  is  easily  pcssi"ble  to 
make  any  height  of  opening  and  to  "break  the  "bond  of 
the  "blocks  at  the  sides  of  openings.   The  space  "be- 
tween the  weight  box  and  jamb  blocks  should  be  fil- 
led tightly  with  mortar  to  prevent  the  passage  of 
air.   When  this  is  done  properly,  the  protection 
afforded  by  the  lips  of  the  jamb  blocks,  in   com- 
bination with  the  stucco  and  a  staff-bead  on  the 
frame,  is  one  of  the  best  features  of  tile  wall 
construction  as  com.pared  to  brick. 

Lintels  heavily  loaded  over  wide  openings  will 
cause  a  high  unit  stress  in  the  tile  at  the  sides  of 
openings.   Where  this  stress  exceeds  the  allowable 
lirrdt,  the  tile  should  be  strengthened  by  filling 
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the  hollows  with  concrete  in  which  reinforcing  steel 
is  eirbedded.   Spans  of  over  4'  -6"  should  te  investi- 
gated.  Other  parts  of  a  wall  which  investigation 
may  show  to  need  similar  reinforcing  are:-  where  a 
beam,  colunin,  or  other  concentrated  load  rests  on  a 
wall  so  as  to  transir.it  a  concentrated  weight  of  ever 
two  tons:  and  where  openings  are  close  enough  togeth- 
er to  cut  the  wall  into  small  piers.   in  the  former 
case  the  load  sometimes  may  be  distributed  safely  by 
filling  only  the  tile  which  immediately  support  the 
beam,  or  even  by  covering  the  openings  with  flat 
slabs  or  bricks. 

Tile  window  sills  have  been  used  to  a  consider- 
able extent,  2,  3,  or  4.  _  inch  tile  being  laid  flat 
across  the  openings,  as  shown  by  Figs.  If  a^^d  13, 
Plate  VII.   The  thickness  of  the  wall  determines  in 
a  large  m,easure  the  tile  detail.   Sills  are  probably 
the  least  satisfactory  part  of  a  building  in  which 
to  use  tile.   They  are  more  fragile  than  other  types 
before  plaster  is  applied,  which  m.ust  be  done  for 
protection  and  appearance.   It  is  not  practical  to 
use  the  sills  describrd  under  "Hollow  Building 
Blocks"  in  Part  I,  es  that  would  complicate  both 
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shipment  and  erection  of  the  material.   Sills  receive 
the  most  severe  weathering  of  any  part  of  a  "building, 
and  hence  a  plastered  sill  may  "be  spoiled  in  appear- 
ance in  a  relatively  short  time.   For  the  above  rea- 
sons, stone,  brick,  a"d  concrete  sills,  in  the  order 
given,  prove  most  satisfactory. 

Chimneys  should  he  huilt  the  same  as  for  brick 
construction.   Fire  brick  and  flue  lining  should  be 
used  regardless  of  the  material  by  which  they  are  en- 
closed.  Chimney  blocks  below  the  roof  should  be  well 
bonded  with  the  wall  blocks.   From  the  highest  fire- 
place to  the  cap  it  is  ordinarily  sufficient  to  sur- 
round the  flue  lining  with  4"  tile.   Stone  or  con- 
crete caps  and  brick  or  concrete  hearth  arches  are 
customary. 

A  sloping  wood  roof  should  rest  on  wall  plates 
held  by  anchor  bolts  of  1/?"  to  3/4"  diameter,  about 
30"  length,  and  about  5'  spacing  center  to  center. 
The  hollows  of  the  tile  should  be  entirely  stopped 
at  t^e  level  of  the  wall  plate  so  as  to  insure  that 
there  is  no  circulation  of  air  out  the  top.   The 
anchor  bolts  should  have  plates  or  hooks  at  the 
lower  end,  a'^d  the  entire  length  should  be  embed- 
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dsd  in  concrete.   A  30"  length  allows  the  tolt  to  te 

anchored  in  or  below  the  third  course  of  tile  from 

the  top. 

Gables  are  ordinarily  built  with  e  stepped 
slope,  the  notches  being  afterwards  filled  in  with 
irortar  end  bats  of  tile  or  brick,  or  with  concrete. 
It  is  e  good  construction  to  use  thin  tile  to  form 
a  uniform  slope.   The  space  between  the  tops  of  the 
vertical  wall  blocks  and  the  sloping  tile  can  be  fil- 
led with  bats,  mortar,  etc. 

In  case  only  the  walls  of  a  building  are  fire- 
proof, and  the  plans  provide  for  dormers,  it  is  cus- 
tomary to  build  the  latter  entirely  of  stud  construc- 
tion:  or  at  most  only  the  fronts  of  dormers  of  tile, 
in  case  the  latter  are  a  direct  continuation  of  the 
wall.   This  is  because,  as  irentioned  before,  it  is 
poor  construction  to  support  tile  by  wood  in  any 
form. 

A  frequent  cause  of  error  in  specifying  sizes 
of  tile  is  in  giving  the  wrong  order  for  thickness, 
length  and  height.   The  thickness  should  always  be 
given  first,  the  length  in  the  wall  second,  and  the 
height  -  or  length  of  hollows  -  last.   Thus  an 
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e  X  12  X  12  -  inch  block  forms  one  square  foot  of  an 
eight  inch  wall;   an  8  X  12  X  6  -  inch  block  implies 
one  eight  inches  thick,  12"  long  in  the  wall,  and  6" 
high;  that  is,  that  the  hollows  are  6"  long  and  the 
block  forms  one-half  square  foot  of  an  8"  wall.    A 
12  X  12  X  12  -  inch  block  means  that  the  block  forms 
one  square  foot  of  12"  wall.   Occassionally  there  is 
confusion  in  ordering  corner  blocks  for  a  12"  wall, 
and  half  lengths  of  12"  blocks  are  ordered  instead 
of  full  lengths  of  6"  blocks.   A  six  inch  block  is, 
of  course,  6  X  12  X  12  ^  inches,  while  a  half  length 
of  a  12"  block  is  12  X  12  X  6  -  inches. 

Stucco  and  brick  veneer  are  both  used  to  form 
the  finished  surface  of  exterior  walls.   The  former 
is  considerably  cheaper  and  consequently  more  used. 
The  word  stucco  is  applied  both  to  the  calcined 
gypsum-  plaster  used  for  interior  work  and  also  to 
the  Portland  cem.ent  plaster  used  in  exterior  work. 
The  gypsum  product  will  not  withstand  weathering  and 
should  not  be  used  on  the  exterior.   The  term  stucco 
refers  properly  to  exterior  plastering  only  and  is  so 
used  herein. 

If  it  is  intended  to  plaster  the  exterior. 
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wall  tile  with  a  desp  dovetail  scoring  should  "be  in- 
sisted upon.   This  gives  the  seir.e  mortar  key  as  narrow 
wood  lath:   tut  it  forms  a  permanent  masonry  "backing 
for  the  stucco,  instead  of  one  which  will  invariably 
warp,  shrink,  rot,  or  settle,  as  in  case  of  wood  lath, 
or  rust  badly  in  from  three  to  five  years,  as  will  ^ 
practically  all  metal  lath.   Tile  walls  are  not  furred 
a^^d  lathed,  but  are  plastered  directly  onto  the  tile. 
Common  brick  walls  are  often  stuccoed,  but,  even  when 
the  joints  are  well  raked  out  and  the  surface  well 
wetted,  crazing  and  chipping  off  usually  follows. 

The  house  of  Arthur  Keeker  at  Everett,  111., 
has  tile  walls  in  which  some  brick  was  used  near  the 
roof  line  on  account  of  shortage  of  tile.   The  stucco 
came  off  the  brick  during  the  first  winter,  but  re- 
mained perfect  on  the  deep-scored  tile.   A  tile  wall 
of  dovetailed  blocks  gives  a  permanence  to  exterior 
plaster  work  not  otherwise  obtainable. 

The  stucco  may  have  any  of  a  dozen  or  more  sur- 
faces, such  as  trowelled,  sand-coat,  rough  cast,  etc., 
and  may  be  m.ade  of  any  color  by  the  use  of  a  cement 
paint  applied  after  the  stucco  has  set,  or  by  the  use 
of  preparations  to  mix  with  the  finish  coat.   The 
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latter  requires  special  skill  in  handling  to  produce 
a  uniform  color.   Two  coat  work  is  standard,  although 
three  coats  are  not  infrequently  specified.   The  first 
coat  should  be  about  one-half  inch  thick,  and  should 
consist  of  three  parts  sand  to  one  Portland  cement, 
to  which  may  "be  added  not  to  exceed  10^  of  lime 
putty  in  order  to  make  the  mortar  "fat"  or  rich 
enough  to  work  easily.   Too  much  lime  is  detrimental 
to  the  perm.anence  of  the  stucco  and  a  maximum,  of  6% 
lime  putty  is  often  specified.   It  is  well  to  use  -^ 
hair  in  the  first  coat.   Tile  walls  should  te  well 
watered  before  the  stucco  is  applied.   Where  there 
are  three  coats,  the  second  should  be  the  same  as 
the  first,  except  that  it  reed  not  be  quite  so  thick 
and  the  hair  may  be  omitted.   The  finish  coat,  whether 
it  is  the  second  or  third,  should  be  proportioned  of 
one  part  cement  to  two  parts  clean  sard,  and  need  not 
be  over  1/4"  thick. 

Care  should  be  taken  to  form,  a  drip  in  the 
stucco  at  the  outer  edge  of  lintels,  sills,  and 
other  projecting  plastered  surfaces,  so  that  water 
will  not  drain  down  walls  or  into  openings  unneces- 
sarily.  The  preparations  for  coloring  stucco,  already 
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referred  to,  may  te  compounded  so  as  to  act  as  very 
efficient  waterproofing,  but  a  good  Portland  ceKsnt  ^ 
stucco  is  itself  sufficiently  waterproof  to  protect 
the  tile  against  disintegration  and  the  interior  of 
the  wall  against  moisture. 

Where  tile  is  used  in  connection  with  a  brick 
veneer  it  is  usually  best  to  use  a  sufficiently 
thick  tile  so  as  to  allow  it  to  take  the  whole  load, 
not  considering  the  brick  to  add  any  strength.   On 
account  of  the  imperfect  bond  obtainable  it  is 
questionable  whether  the  brick  and  tile  will  act  to- 
gether perfectly.   The  brick  has  so  many  more  joints 
than  the  tile  that  the  shrinkage  will  be  very  un- 
equal.  The  brick  is  usually  bonded  to  the  tile  by 
metal  wall  ties  placed  every  foot  of  height  and 
about  one  foot  apart  in  the  joints.   Another  method 
is  to  bond  with  full  headers  at  every  two  tile 
courses.   In  the  latter  case,  the  brick  must  be 
selected  of  a  size  to  conform  to  the  tile,  or  the 
tile  ordered  of  a  special  length  to  conform  to  the 
brick  selected. 

The  superiority  of  hollow  tile  walls  are  due 
to  the  facts  that  well  burned  blocks  of  suitable  clay 
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capnot  te  destroyed  "by  fire,  and  that  air  spaces  are 
the  "best  insulation  against  moisture  and  changes  of 
temperature.   The  construction  is  superior  to  wood 
in  all  points  where  any  masonry  is  superior.   It  is 
superior  to  solid  masonry  due  to  the  insulation  of 
the  hollow  spaces,  besides  teing  much  cheaper,  ex- 
cept in  certain  foundations.   In  short,  e  hollow  tile 
wall  is  a  permanent  as  well  as  heat-,  cold-,  moisture-, 
and  vermin-proof  construction  at  moderate  cost. 
_Gther  Exterior  Construction. 

Entries,  vestibules,  porches,  and  court  garden 
or  other  detached  walls  may  all  he  constructed  of  tile. 
Six-  or  even  four-inch  tile  can  he  used  to  a  consider- 
able extent.   The  same  general  methods  of  construction 
apply  as  given  heretofore.   The  walls  of  porches,  etc., 
which  do  not  have  excavations  beneath,  need  be  carried 
underground  only  a  sufficient  depth  to  get  below  the 
frost  line,  about  four  feet  in  extreme  cases.   Porch 
walls,  except  under  piers  or  columns,  usually  have  no 
footings,  the  bottom  course  of  tile  being  laid  hori- 
zontal giving  sufficient  bearing  ordinarily.   The 
footings  under  piers  should  be  of  a  size  so  as  to 
give  equal  settlement  to  the  whole,  if  any  settling 
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should  occur. 

Floors  and  roofs  will  be  treated  in  "Interior 
Constructior."   The  only  special  difference  between 
slabs  on  the  exterior  and  interior  is  that  when  a 
combination  of  tile  and  concrete  slab  is  used  a 
thicker  topping  or  a  substantial  protective  cover- 
ing of  some  kind  should  be  employed,  on  account  of 
exposure  to  the  weather. 

Piers  ard  colximns  may  be  made  rectangular  or 
round.   If  the  former,  wall  blocks  are  used,  bonded 
carefully  and  reinforced  as  for  concentrated  loads 
when  necessary.   In  most  of  the  minor  items  of  ex- 
terior construction  the  objection  to  solid  con- 
struction, such  as  columns  and  beans,  does  not 
apply.   Round  coluff.ns  may  be  made,  straight  or 
tapering,  by  using  round  colvimn  covering  of  proper 
sizes,  the  core  being  made  a  reinforced  concrete 
column.   The  tile  in  such  cases  should  be  wired 
before  the  concrete  is  poured,  so  that  the  blocks 
will  not  be  forced  out  of  position,   iiach  block 
should  be  crossed  at  least  once  by  the  wire. 
Column  covering  is  not  always  obtainable  in  deep 
scored  material  so  that  a  particularly  careful  job 
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of  stucco  should  te   done,  and  the  columns  wetted 
thoroughly  before  the  stucco  is  applied. 
Interior  Constructior. 

This  differs  somewhat  from  exterior,  partly  "be- 
cause it  is  not  exposed  to  storms  and  extremes  of  heat 
and  cold,  and  partly  "because  the  loads,  on  partitions 
for  instance,  are  ordinarily  not  so  eccentric.   For 
the  first  reason  the  tile  need  not  "be  deep  scored  for 
plaster:  thinner  sizes  can  safely  be  used  there  being 
no  wind  pressure;  a  double  hollow  7/all  space  is  not  so 
essential;  and  common  lime  may  be  allowed  in  place  of 
all  or  part  of  the  cement  in  plaster  and  mortar  res- 
pectively.  The  second  reason  allows  of  thinner  sizes 
of  tile  of  less  dense  and  strong  material. 
Partitions. 

Partitions  may  be  solely  for  the  purpose  of 
subdividing  floor  areas  in  a  building.   Tile  par- 
titions, however,  may  not  only  subdivide  but  also 
may  be  used  as  bearing  partitions.   In  either  case 
they  form  one  of  the  most  im.portant  elements  of  fire- 
proofing,  by  confining  to  a  small  area  a  fire  which 
otherwise  might  sweep  an  entire  story  and  extend  to 
others  through  stairways  and  elevator  shafts.   In  ad- 
dition, they  unite  the  best  qualities  of  other  par- 
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titions,  "being  light,  strong,  easily  erected,  and 
comparitively  very  effective  in  preventing  the 
transmission  of  heat,  cold,  and  sound. 

To  "be  effective  as  fire  walls  the  "bottOE  course 
should  rest  directly  upon  the  fireproof  construction, 
and  even  when  they  do  not  carry  any  load  the  top 
course  should  be  wedged  tightly  against  the  floor,/ 
atove  with  incombustible  material.   Wood  or  metal 
bucks  are  placed  in  position  for  all  door  and  other 
openings,  usually  before  the  partitions  are  started, 
and  the  latter  set  to  a  line  with  the  bucks.   If  the 
partition  is  non-bearing,  full  porous  blocks  should 
be  used  in  the  courses  over  which  wood  trim  is  to  be 
attached.   Otherwise  semi-porous  blocks  and  cleats 
or  wedges  for  the  wood  trim  are  used.   All  blocks 
should  be  set  on  end,  except  the  top  course  of  non- 
bearing  partitions.   It  is  essential  to  a  good  job 
that  the  partitions  be  bonded  where  they  meet,  and 
anchored  to  wood  bucks  or  brick  walls  by  not  less 
than  tenpenny  nails  in  alternate  joints. 

Two  inch  blocks  should  be  used  only  for 
closets,  shafts,  etc.,  where  the  partition  will  not 
be  called  upon  to  carry  any  load  or  to  act  as  a 
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fire-wall.   For  non-teari^ng  partitions,  three-inch 
"blocks  can  "be  safely  used  up  to  12'  in  height,  four- 
inch  up  to  16'..  and  six-inch  up  to  20'. 

Bearing  partitions  should  "be  designed  so  as  to 
be  safe  under  the  load  actually  to  be  carried.   As  a 
general  rule  for  residences,  they  should  be  six  ard 
eight  inches  thick  in  the  baserrent,  four  and  six 
inches  in  the  living  stories,  and  four  inches  under 
the  roof.   Partitions  carrying  extremely  heavy  loads 
are  sometimes  built  of  column  blocks  as  shown  on 
Plate  IV.   The  cells  of  these  blocks  are  so  arranged 
that  when  properly  set  in  a  column  or  partition  the 
larger  holes  are  continuous  and  the  smaller  holes 
alternate  with  the  joints,'  so  that  practically  every 
square  inch  of  net  section  is  in  compression.   Par- 
titions of  these  blocks  12'  high  and  not  reinforced 
have  been  tested  up  to  3,300  lbs.  ultimate  load  per 
square  inch  of  net  section.   In  one  type  of  these 
blocks  the  hollows  are  about  1-1/4  X  1-1/2  inches 
and  1-1/2  X  1-1/2  inches  for  the  large  and  small 
holes  respectively  and  the  net  area  of  tile  in  com- 
pression is  about  3P  square  inches  per  lineal  foot 
of  wall.  -Using  the  values  3,300  and  3P  with  a 
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factor  of  safety  of  10  gives  a  safe  load  of  atout 
1?, POO  Its.  per  linear  foot  for  a  four  inch  par- 
tition of  these  column  ■blocl<s, 

A  wide  opening  will  sometimes  necessitate  that 
the  entire  partition  be  made  thicker  or  account  of  the 
load's  being  concentrated  at  the  ,iam"bs,  and  because  a 
substantial  lintel  must  be  used.   A  lintel  different 
from  any  heretofore  given,  which  is  applicable  for 
use  in  interior  bearing  partitions,  is  shown  by 
Fig.  14,  Plate  VII.   U-shaped  tile  are  placed  on  the 
buck  and  filled  with  concrete  in  which  are  embedded 
a  couple  of  light  reinforcing  steel  bars.   The  U- 
shaped  tile  may  be  obtained  from  broken  partition 
blocks.   Over  the  opening,  and  for  a  sufficient  dis- 
tance on  each  side  tc  give  a  good  bearing,  the  forms 
for  the  floor  slab  are  lowered  so  as  to  form  a  T  - 
beam,  with  the  slab,  having  such  depth  and  reinfor- 
cing steel  as  may  be  necessary.   The  wall  lintel 
carries  only  the  light  weight  of  the  partition  di- 
rectly over  the  opening.   The  floor  lintel  carries  the 
weight  of  the  slab  and  that  from  the  partition  above. 

The  method  of  mnning  pipes  in  partitions  is 
similar  to  that  already  described  for  exterior  walls. 


IVO'Jb    lO     boo  I     8lH8     e    SSVlS     Of    lO    \jl5'^.J33    To    lOCTOBl 

-Tsq   flo'^i  tijol   3  -lol   Jool  ^efirrif  isq    .scfl    rcn,<^f 

cfsriJ-   s-:fo.tx3'iSOi'?r  Ks^iioinoe    fixw  '^ninsqn   sfaivr  A 

r<J   'io   inuotyOB    ^o   T3>lcir!:t   sJob-t:   3Cf   tcxticT'Tsq    s'liJrrs    3r!ct 

s  9ei;B03cf  brrs    ,acr.-!B?    arl:^   is    bsi^iinsonoo  3niacr  s'baol 

:f-"jT:sllxfj   l9inil   A      .bsau   3Cf  isum  Jscfrril    raltrisiadus 

10*1   olrferilaqs   si    doiri-"    ,-'6vi7\   eic'ioisteri   Y.rfjs  /1!!o^l 

'^1  rwo'ic   £:i    .ar'oilii'isq  ■a'^iasyJ  Toi-iyirri   nx   sbjj 

3-i:f   rro  bcoBlq   ^ts  sLlI    ijoqsfia.u      .iiv   sisCq    ,^J    .  aX-i 

bobbsrfsis   s^J8  riox^^?'  rfx   eJ-S'tonoo  rlixw  bslli'i   b^^B   Yiouo 

-:     ^rH'      .aTs:/- l6dj£  ;§'^xo.io'irrxeT   irlgll  lo   alquoo   6 

'^oi.tx.tTisq   rrs>[('Jicf  (roTl   b3<^xs:tcJo   erf  Ysm  alxi   usob/Is 

-eib  in-3xoi11ua   a  tol   b(^s    ,3ni'^3qo   s'll   t;.. 

ara-iol   srlj    ,:^?,r»xiBscf  boo%<   b   svx-^   Ov+   sbie   'i':<^.c    "•-      r^s^ 

-  T  B  mol   oi   as  08  b3^9'"oI   sts   dale  tocfl   sii  'tcl 

-•ic'i'^is-1   br.a  rijqsb  rious  ^rfivsri    .n'ele   ©'■^    '^Jx^"  .Tissd" 

I^Jnil    I  lew   o'^I      .'iijsaasosr?   srf  vtB/n  sb   liais  s'^-^^ 

'•'J    &^;x•1^B0    l8irfi.r  TCi:)It   sr!T      .■gntrtBqn   s'i.t  tqvo  ylioc't 
.3vo'j£   •^oiSiiiBO   eii  ;;to'i1   isrf,*   bns   iBla   er*f  to   ..trisiGv 

ax   a'^oxJx.tTRq   ni:    f.sqxq   ^rrxT^jn   to   bod:fs^   sHT 
.allsw  io1-i3jX3  ioI    oscfi'ioe^'b  ^iLea-'ifB   Jr.rf.t   o?   ■tslxrctii; 


7? 
Interior  Construction, 

Greater  care  should  be  taken,  however,  not  to  serious- 
ly weaken  the  partition  by  cutting.   Whenever  it  is 
possible  to  place  the  pipes  first  and  build  the  par- 
titions around  them,  it  should  be  done.   In  many  lo- 
calities, hollow  tile  construction  has  not  as  yet  re- 
ceived due  recognition  in  building  ordinances.   These 
are  usually  ultra-conservative,  and  it  will  occassion- 
ally  be  found  that  tile  walls  and  partitions  are  not 
mentioned;  or  that  they  must  be  of  the  same  thickness 
as  corresponding  brick  walls;  or  that  the  maximum  ex- 
pression allowed  is  as  low  as  80  lbs.  per  square  inch. 
Yet  in  one  city  where  the  two  last  rules  obtain,  there 
is  a  party  wall  of  ordinary  4"  partition  tile  dividing 
two  three-story  residences,  and  which  has  stood  with- 
out defect  for  some  twenty  or  thirty  years.   Such 
light  construction  is  not  advocated,  but  is  mentioned 
to  show  the  possibilities  when  careful  work  is  done. 
Columns . 

It  is  occassionally  advantageous  to  utilize 
columns  a^^d  beams  instead  of  bearing  partitions.  The 
former  may  be  built  of  tile  as  explained  on  page 
A  tile  ai"d  concrete  columin  ore  foot  square,  as  shown 
by  Fig.  15,^  Plate  VII,  ard  nine  feet  high,  may  be 
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loaded  safely  with  20  tons,  using  stresses  based  on 
the  Chicago  ordinances.   These  columns  are  also  used 
rather  than  wooden  columns  in  the  basements  of  houses 
having  tile  walls  and  wood  interior  construction. 

For  very  heavy  loads,  some  standard  type  of  re- 
inforced concrete  column,  or  the  column  block  shown  on 
Plate  IV,  ff.ay  be  used.   An  unreinforced  column  of  these 
blocks,  having  a  ratio  of  height  to  least  dimension 
of  17. r>  has  shown  a  test  strength  of  over  5,300  lbs. 
per  square  inch  and  one  having  a  ratio  of  11  showed 
nearly  6,900  lbs.  per  square  inch.   From,  these  results, 
it  has  been  claimed  that  "  a  load  of  1,000  lbs.  per 
square  inch  is  extrem.ely  conservative"  for  such  col- 
umns.  On  the  other  hand  the  Chicago  ordinance  limits 
tt-e  allowable  stress  to  3E0  lbs.  per  square  inch,  sub- 
ject to  a  reduction  when  the  ratio  is  greater  than 
six. 

Figure  16,  Plate  Vll,    shows  the  cross-section 
for  an  8-1/2  X  8-1/2-inch  column:   Fig.  17,  that 
for  a  13  X  13  inch  column.   A  13  X  8-l/2-inch  column 
has  three  blocks  per  course,  and  larger  columns  may 
be  constructed  having  the  dimensions  increasing  by 
4-1/2  inch  variations.   A  manufacturer  of  the  block 
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gives  a  tatls  of  safe  loads  for  columns  having  a  ratio 
of  height  to  least  dimension   of  twelve.   The  safe 
loads  given  all  reduce  to  25,000  lbs.  per  "block  and 
atout  6pp  lbs.  per  square  inch  of  cross-section  of 
coliimn.   ^teel  bearing  plates  should  be  used  when  the 
floors  are  supported  on  structural  steel  which  frames 
onto  a  block  column. 
Floor  Slabs. 

There  are  a  dozen  or  more  systems  of  fireproof 
floors  in  use.   However,  only  the  Johnson,  the  two- 
way,  and  the  ordinary  "combination"  types  will  be 
treated  here  as  pertaining  to  the  subject,   ^several 
of  the  reinforced  concrete  systems  do  not  utilize 
tile,  and  several  of  the  tile  systems  require  struct- 
ural steel  or  short  spans  a^^d  hence  these  types  are 
not  ii-cluded.   The  systems  discussed  are  essentially 
long  span  fireproof  constructions,  requiring  the  use 
of  both  tile  and  reinforced  concrete,  and  are  best 
suited  for  use  in  the  smaller  buildings  of  fireproof 
construction. 

The  Johnson  System  Floor  is  a  patented  type 
utilizing  the  compressive  strength  of  the  tile  itself 
to  a  higher  degree  than  any  except  the  tile  arch 
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construction.   Johnson  floors  are  built  with  or  with- 
out concrete  topping,  as  shown  respectively  "by  sections 
Type  A  and  Type  E  of  Fig.  18,  Plate  VIII,  Page  76.  T 
represents  the  tile:  M,  1:3  or  1:4  cement  mortar;  ri, 
reinforcing  steel;  and  C,  concrete  topping.   The  dis- 
tinguishing feature  is  that  the  reinforcing  steel, 
partly  wire  mesh  and  partly  rods,  lies  entirely  under- 
neath the  tile,  embedded  in  cement  m.ortar  one  to  one 
and  one-half  inches  thick. 

The  Johnson  floor  is  constructed  as  follows. 
After  tight  centering  is  in  place,  the  layer  of 
cement  mortar  is  poured  and  leveled.   Light  wire  m.esh 
is  laid  on   the  mortar,  lengthwise  of  the  span,  and 
with  the  sides  of  each  length  overlapping.   Steel  rods 
usually  1/2"  rounds  spaced  as  required  for  strength, 
are  laid  on  the  mesh,  or  interwoven  with  it.   The  re- 
inforcement will  sink  into  the  mortar,  partly  due  to 
its  ov/r.  weight  and  partly  due  to  the  placing  of  the 
tile  and  the  remainder  of  the  work,  so  that  the  steel 
is  well  embedded.   The  tile  blocks  should  be  wet 
thoroughly  before  the  mortar  or  concrete  is  placed. 
The  tile  is  placed  on  the  reinforcement  in  rov/s  one 
inch  apart,  the  space  between  the  rows  being  filled 
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solid  with  concrete.   The  joints  betv/een  the  individual 

tile  may  "be  filled  by  using  an  excess  of  concrete,  so 

that  even  when  no  topping  is  specified  a  thin  layer 

is  run  over  the  top  of  the'  tile,  a  part  of  which  will 

flow  into  and  fill  the  cracks  between  the  tile.   Some 

building  ordinances  specify  that  all  "joints  between 

tile  shall  be  staggered,  buttered  and  slushed  full  of 

mortar — .•*   The  topping,  if  needed  .should  be  poured 

before  tYt   irortar  between  the  tile  has  set. 

Johnson  System  floors  have  been  successfully 
used  for  spars  up  tc  25  feet,  but  about  ?0  feet  is 
usually  considered  the  safe  lirit  unless  the  work  is 
designed  and  executed  by  those  especially  experienced 
in  this  type. 

In  designing  Type  A  floors,  the  center  of  com- 
pression is  assumed  to  be  at  the  middle  of  the  upper 
shell,  and  the  center  of  tension  a  little  below  the 
lower  shell  of  the  tile.   Then  the  lever  arm  of  either 
force  acting  about  the  center  of  the  other  may  be 
taken  as  the  thickness  of  the  tile.   The  error  invol- 
ved thereby  is  very  small.   An  extreme  fiber  stress 
of  froiii  ^.00   lbs.  up  to  700  or  300  lbs.  per  square 
i'^ch  is  used.   The  first  value  is  specified  in  the 
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Chicago  ordinarcer  which  also  all07/s  a  shearing  stress 
in  the  tile  of  200  Its.  per  square  inch:  adhesion  be- 
tween tile  and  1:3  mortar,  40  lbs.  per  square  inch: 
ratio  of  modulus  of  elasticity  of  steel  to  that  of 
tile  v/ith  cement  mortar  joints,  ten.   A  slight  increase 
in  the  strength  of  the  slab  may  be  figured  as  due  to 
the  cross-vebs  and  the  one  inch  mortar  joints.   The 
design  of  a  Type  E  slab  is  similar  to  that  for  ordin- 
ary combination  slabs.   The  depth  or  thickness  of  the 
slab  should  not  be  less  than  l/30th  of  the  span- 
never  less  than  l/40th.   The  rods  interwoven  with 
the  wire  mesh  should  not  be  spaced  more  than  12"  on 
centers. 

in  case  a  topping  is  required,  it  is  usually 
assumed  that  the  concrete  will  fill  the  pores  of 
the  upper  shell  of  the  tile  so  that  the  thickness 
of  the  shell  may  be  added  to  that  of  the  topping  in 
calculating  the  strength  of  the  slab. 

V'hen  the  under  sides  of  t^e   slabs  may  be  sub- 
iected  to  a  severe  fire  additional  fireproofing  is 
sometimes  advisable,  owing  to  the  thinness  of  the 
layer  of  mortar  in  which  the  steel  is  embedded.   In 
the  building  for  the  Underwriters  Laboratories  in 
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Cbicago,  2X6X1?^-  inch  csiling  "blocks  wsre  laid 
in  Herringbone  fashion  on  the  centering,  and  the 
mortar  embedding  the  reinforcing  steel  was  spread 
over  these  blocks.   Hangers  or  clips,  hooked  into 
grooves  in  the  sides  of  the  blocks  and  over  the 
stsel  held  the  blocks  in  place  after  removal  of  the 
centering.   Also,  of  course,  the  adhesion  of  the 
mortar  and  tile  was  of  considerable  effect.   Slabs 
thus  formed  are  unquestionably  fireproof,  and  the 
ceiling  underneath  being  entirely  of  tile,  forms 
an  unequalled  surface  for  applying  plaster. 

v:hen  wood  flooring  is  to  be  the  finish  sur- 
face, as  in  most  residences,  Type  A  is  superior. 
The  sleepers  are  secured  to  the  tile  by  stiff  bent 
wire,  hooked  into  them  at  one  end  and  into  small 
holes  knocked  into  the  tile  at  the  other.   These 
hooks,  together  with  the  lean  concrete  fill  between 
the  sleepers,  hold  the  latter  against  any  possibility 
of  creeping  or  squeaking,  which  may  occur  otherwise. 
It  is  not  practical  to  use  this  devise  when  the  slab 
is  solid  concrete  or  has  a  topping. 

In  many  cases  the  Johnson  System  Floor  will 
prove  the  strongest,  lightest,  most  economical  and 
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Intsrior  Construction, 
most  satisfactory  slab,  but  to  secure  the  best  re- 
sults it  must  be  designed  and  built  by  those  familiar 
77ith  the  special  problems  involved. 

One  of  the  newer  types  of  combined  tile  and 
concrete  slabs  is  the  two-way  design.   This  is  an 
application  of  the  principles  of  two-way  rsinforcs- 
ment  for  solid  slabs.   It  is  applicable  to  cases  of 
relatively  heavy  loading  on  square  or  slightly  oblong 
panels  which  may  be  supported  o^^  all  four  sides.   The 
tile  is  primarily  a  filler  to  lighten  the  slab  below 
the  neutral  axis. 

In  its  simplest  form,  the  tiles  used  are  par- 
tition blocks  and  slabs.   The  blocks  are  laid  on 
the  centering  in  checkerboard  fashion  as  shown  by 
Fig.  IP,  Plate  VIII.   The  figure  represents  one 
corner  of  a  panel,  the  tile  being  in  place  on  the 
centering  and  set  so  that  the  concrete  will  form  T- 
flanges  at  the  sides  of  the  beams.   The  hollows  of 
the  tile  must  extend  in  the  same  direction.   Slabs 
of  the  same  width  as  that  for  which  the  joists  are 
designed  are  laid  between  the  blocks,  thus  forming 
continuous  fireproof  tile  soffits  for  the  ioists, 
and  a  uniform  tile  surface  for  the  ceiling  below. 
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The  hollow  ends  of  the  tile  may  "be  stopped  with  a 
light  close-meshed  screen  of  wire  or  cloth.   The  re- 
inforcement is  in  the  form  of  steel  rods  near  the  bot- 
tom of  the  joists,  as  for  the  one-way  joist  system. 

Another  devise  is  to  space  the  blocks  enough 
farther  apart  lengthwise  of  the  hollows  so  as  to 
use  tile  slabs  as  stoppers  instead  of  screening;  or 
a  U  -  shaped  tile  may  be  used  in  place  of  the  three 
slabs  between  the  ends  of  two  adjacent  blocks. 

One  of  the  earliest  devises  was  to  use  triangu- 
lar blocks  cut  fr6m  hollow  blocks  having  a  lip  on 
each  side,  the  full  block  being  shown  by  Fig.  20. 
These  being  cut, as  indicated,  immediately  after 
coming  from  the  die,  formed  the  triangular  blocks 
A  -  A.   Four  blocks  A  set  together  on  the  centering 
formed  a  square  block  closed  on  all  sides,  and  with 
lips  half  the  width  of  the  joist  on  the  lower  face. 

i'c^chief  objection  to  this  type  was  the  waste 
in  manufacturing  the  blocks.   Tile  similar  to  Fig. 
20  are  now  used  without  being  cut,  slabs,  or  slabs 
and  screen,  being  used  as  soffit  blocks  and  stoppers 
in  the  joists  running  cross-wise  of  the  hollows  of 
the  tile. 
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The  two-'vay  systeni  is  effective  and  economical 
for  square  or  nearly  square  panels  of  long  span  car- 
rying moderately  heavy  loads.   It  was  used  by  one  of 
the  largest  fireproofing  firms  in  the  world  in  the 
tuildlng  mentioned  on  Page  30. 

The  original  and  most  widely  used  corrtination 
system  is  the  one-v/ay  reinforced,  tile  and  concrete 
joist  design.   It  differs  from  the  Johnson  System  in 
that  the  rows  of  tile  are  set  farther  apart,  and  the 
reinforcement  is  in  the  form  of  steel  tars  from  one 
to  one  and  one-half  inches  above  the  bottom  of  the 
slab.   Hence  this  type  is  heavier  and  the  steel  is 
less  effectively  placed  than  in  the  Johnson  System; 
accordingly,  however,  the  steel  is  better  protected 
from  fire  by  the  concrete  than  in  the  Johnson  Sys- 
tem.  When  the  under  side  of  the  slab  is  plastered, 
as  is  usually  the  case,  broad  lines  marking  the 
position  of  the  ioists  frequently  become  visible. 
This  csn  be  prevented  by  using  solid  tile  slabs 
as  soffit  blocks,  although  this  is  at  the  penalty 
of  increasing  the  thickness,  -'eight,  and  consequently 
the  expense  of  the  slab.   Cross-sections  of  typical 
slabs  are  shown  i^  Fig.  ?1,    Plate  VIII. 
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Ths  joists  are  usually  four  inches  wide,  so 
that  the  rows  of  tile  blocks  are  on  1^"  centers. 
V.'hen  there  is  no  topping,  the  tile  may  be  considered 
to  assist  the  concrete  in  compression  by  an  amount 
depending  partly  upon  the  allowable  adhesion  between 
the  two.   When  topping  is  used  the  tils  may  be  consid- 
ered to  be  merely  a  filler  to  lighten  the  weight,  or 
it  may  be  considered  to  take  a  part  of  the  coT.pression 
as  in  the  Johnson  System.   If  treated  as  a  filler  only, 
a  lighter  and  more  porous  tile  is  permissible,  although 
too  porous  a  grade  will  cause  a  loss  of  grout  with  con- 
sequent weakeni'-ig  of  the  concrete. 

The  general  principles  of  ordinary  reinforced 
concrete  design   govern  the  design  of  combination 
tile  and  concrete  slabs,  a'-'d  therefore  only  the  prin- 
cipal special  provisions  due  to  the  use  of  tile  have 
been  touched  upon  herein. 

Hollow  tile  may  be  used  to  even  greater  advan- 
tage in  roof  construction  than  in  floor  construction 
because  the  hollow  spaces  will  help  prevent  interior 
condensation  due  to  a  cold  exterior  and  warm  moist 
air  on  the  interior.   The  design  of  the  structure 
is,  of  course,  similar  to  floors,  but  sloping  roofs. 
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as  are  customary  in  residenc3s,   may  cost  twice  as 
much  as  a  corresponding  area  of  floor,  on  account 
of  the  extra  precautions  and  labor  involved.   For 
this  reason,  only  a  very  small  percentage  of  resi- 
dences, otherwise  fireproof,  have  strictly  fireproof 
roofs.   On  account  of  the  relatively  greater  weight 
of  a  sloping  fireproof  roof,  care  must  be  taken  to 
prevent  an  unsafe  overturning  action  on  the  walls. 
When  the  spans  are  moderate,  the  joists  may  extend 
at  right  angles  to  the  walls,  corresponding  to  the 
wood  rafters  of  ordinary  construction.   ^Vhen  intsr- 
ior cross  partitions  are  available  for  bearing,  or 
when  the  foregoing  spans  would  be  too  long,  the 
joists  may  be  parallel  to  the  wall  and  supported  by 
the  partitions  or  by  reinforced  concrete  beams,  the 
outer  ends  of  which  rest  on  the  exterior  walls. 
Overhangs  must  usually  be  built  solid  for  ease  in 
placing  reinforcement  against  cantilever  action. 

In  the  foregoing  division  of  the  thesis, 
there  has  been  presented  a  discussion  of  the  more 
important  structural  details  involved  in  designing 
the  hollow  tile  work  of  the  smaller  type  of  fire- 
proof building.   Next  will  be  developed  an  applica- 
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tion,  in  a  specific  design, of  the  principles  and 
information  previously  given  in  Parts  I  and  II. 


Part  III. 
Specific  Design, 
Specifications. 
Estimate. 
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Specific  Design. 
Introduction. 

The  problems  of  construction  involved  in  a 
fireproof  house  are  essentially  the  same  as  in 
any  small  fireproof  building,   ivioreover,  the  typ- 
ical structure  of  this  class  is  a  residence,  as 
many  more  of  ther  have  been  built  than  of  any  other 
kind.   Hence  the  specific  design  which  constitutes 
this  part  of  t^e  thesis  is  for  the  hollow  tile  work 
of  a  representative  dwelling-house. 

For  the  sake  of  having  a  good  architectural 
design,  a  number  of  house  plans  drawn  up  for  wood 
and  stucco  were  examined,  and  one  was  selected 
which  was  convertible  into  fireproof  construction. 
The  chief  considera+.ion  in  such  a  selection  was  to 
find  a  design  in  which  the  main  partitions  were 
superimposed.  TThere  this  is  rot  the  case,  the 
construction  is  unduly  expensive,  owing  to  the 
necessity  for  special  column  and  beam  support  for 
the  floors  and  partitions.   Where  the  room  and  hall 
partitions  are  favorably  placed,  they  m.ay  be  used  as 
bearing  walls,  little  or  -^o  special  work  being  re- 
quired.  The  basement,  first  floor  and  second  floor 
plans  shown  on  Sheet  1,  the  attrc  and  roof  plan  on 
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Specific  Design. 
Sheet  2,  and  the  elevatiors  on  Sheet  ?;  all  at  the 
end  of  Part  III,  are  as  drawn  for  a  frame  and  stucco 
house  already  "built  at  La  Porte,  Indiana.  The  various 
details  shown  on  Sheet  2,  together  with  the  specifica- 
tions, would  be  sufficient  guide  for  changing  the  con- 
struction to  hollow  tile. 
Principle  Conditions. 

The  present  concrete  wall  footings  will  be  retained, 
since  the  bearing  on  the  soil  will  still  be  well 
under  two  tons  per  square  foot. 

The  foundations  will  be  made  of  IP-inch,  six- 
hole  blocks.   The  watertable  will  be  omitted  so 
that  the  exterior  of  the  superstructure  walls  will 
be  flush  with  the  exterior  of  the  foundations. 

The  main  superstructure  walls  will  be  of  8- 
inch,  six-hole  blocks. 

Roof  construction  does  not  differ  materially 
from  floor-construction,  except  in  being  much  more 
expensive.   There  is  practically  no  danger  of  fire 
originating  in  the  attic,  and  the  typical  tile  house 
has  a  wood  roof.   Hence  the  present  roof-design  will 
be  retained  and  the  fireproof  construction  will  end 
at  the  atti?  floor  level. 
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Specific  Design. 

The  floors  will  be  Johnson  System,  and  the 
interior  partlons  of  tile. 

The  outside  dimensions  of  the  foundations 
will  "be  retained.   Bearing  partitions  will  replace 
the  posts  and  beams  in  the  basement.   The  floor-slabs 
will  span  from  the  walls  to  the  bearing  partitions 
above  the  present  line  of  basement  columns.   The 
original  dimensions  must  be  slightly  changed  in 
places,  which  will  ve  shown  by  crossing  off  the 
original  ones  and  adding  the  revised. 
Structural  Design. 

In  order  to  change  the  present  plans  as  little 
as  possible,  the  first  floor  level  should  be  retain- 
ed at  its  present  height  above  grade.   The  greatest 
load  on  the  first  floor  slab,  as  well  as  the  lowest 
span,  occur  in  the  section  at  the  front  of  the 
house.   Considering  that  the  thickness  gf  the  tile 
used  should  be  about  1/35  of  the  span,  and  that  the 
longest  span  is  about  13 '-6",  a  5"  tile  will  probably 
be  correct  to  use.   A  type  A  Johnson  floor  with 
5"  tile  weighs  about  35  pounds  per  square  foot. 
The  L.  L.  may  be  assumed  as  40  pounds;  the  weight 
of  flooring,  20  pounds;  and  the  partition  weight. 
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15  pounds—  all  per  square  foot.   This  gives  a 
total  of  110  pounds  per  square  foot  to  be  carried 
by  the  floor  at  the  Vestibule  and  Entrance  Hall. 
But  here,  where  the  partition  load  is  greatest,  the 
clear  span  is  only  11 '-S",  and  where  the  spans  are 
longer  the  partition  load  is  little  or  nothing. 
Hence  a  slat  strong  enough  to  carry  110  pounds 
per  square  foot  over  a  span  of  13-1/2'  will  be 
amply  strong  to  use  throughout  the  first  floor. 

Now,  a  Johnson  floor  develops  far  greater 
strength  than  can  be  justified  by  any  of  the  for- 
mulae applicable  to  reinforced  concrete.   This  iray 
be  ascribed  m  part  to  a  more  effective  arch  action 
due  to  the  character  of  the  steel  reinforcing  and 
also  to  the  high  efficiency  of  the  tile  in  com- 
pression due  to  the  method  of  laying  it  in  rich 
mortar.  In  the  absence  of  rational  formulae  ap- 
plicable particularly  to  f^ese  floors,  the  cus- 
tomary concrete  formulae  may  be  used,  and  high 
unit  stresses  allowed.   A  compressive  stress  of  BOO 
pounds  per  square  irch  in  the  extreme  fiber  of  the 
tile,  and  a  tensile  stress  in  the  steel  of  18,000 
pounds  per  square  inch  may  be  allowed  with  safety. 
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Specific  Design.       ^ 
A*ssuming  a  bending  moment  of  8   ,  a  span  of 
1?^?",  a  load  of  110  pounds  per  square  foot,  area 
in  compression  of  3/4  X  12  or  P  square  inches  per 
foot  of  width,  and  lever  arm  "between  csntroids  of 
compressive  and  tensile  stresses  of  5"  or  the  thick- 
ness of  the  tile,  the  average  compressive  stress  is 
approximately 

110  X  (l?.g)^  X  1^.-^7^  ,^, 

p  X  5 ~  ^~°  ^^^'    P®^  sq.  in. 

The  required  area  of  steel  is  approximately 

110  X  (1.3.5)^  X  1.5. 

18,000  X  5    *  *325  sq.  in. 

per  foot  of  width. 

This  area  will  "be  made  up  farom  A.  S.  and  W.  Co. 

style  ftp'   Triangular  Mesh  and  l/r"  round  rods. 

The  sectional  area  of  the  former  is  .058,  and  of  1/2" 

rounds  at  9"  centers  is  .262,  giving  a  total  of  .32 

square  inch  per  foot  of  width.   To  check  as  accurately 

as  possi'ble,  the  methods  T  "beams  in  Turneaure  and 

..laurer  may  bs  used  as  below; 
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More  accurately  the  span  is  13.2  feet.   Then,  since 

(d-z)  -  5.1^  inches, 

110    X    (13.2)^    X   1.5   rr 
fs- r32~X  57l6 -    17,400    ITds.    per   sq.    in. 

fc«-     110   X   (13,S)1_X_L>J ^  792    lbs. 

L'  "  ts  X  .313  X  5.5^ 
per  square  inch. 

These  stresses  are  "botn  within  the  allowable 
limits  and  the  foregoiftg  design  will  be  adopted. 

The  corresponding  spans  in  the  second  floor  are 
onlv  a  few  inches  longer,  while  the  partition  loads 
are  very  moderate.   Hence  the  same  slab  will  be  used 
for  both  floors.   A  beam  is  necessary  underneath  the 
partition  which  divides  Bed  Room  No.  1  abd  the  Hall 
from  the  Dressing  Room  and  Bath  Room  No.  1. 

The  Attic  slab  will  be  made  the  same  as  the 
second,  except  that  above  Bed  Room  No.  2  special 
provision  must  be  made  for  the  increased  length 
into  the  bay. 

The  special  details  required  will  be  designed 
after  the  general  lay-out  is  completed, 

A  typical  wall  section  now  will  be  detailed.   See 
Sheet  No.  2.   The  total  thickness  of  the  first  floor  is 
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9",  consisting  of  6"  for  the  slab,  2"  for  sleepers 
and  cinder  fill,  and  1"  for  wood  flooring.   TMs  is 
4"  less  than  th3  present  thickness,  thereby  in- 
creasing the  distance  from  top  of  footings  to  base- 
ment ceiling  from  7 '-7"  to  7 '-11".  Seven  full  blocks 
and  one  half  block,  together  with  a  1"  bearing  slab, 
amount  to  7'-7''.  There  are  nine  joints  formed  in 
laying  up  these  nine  courses  so  that  tv^e  average 
.loint  thickness  would  be  4/9",  or  about  7/16". 
Therefore  the  present  levels  of  the  first  floor 
and  top  of  footings  will  be  retained,  and  4"  head 
room  is  gained. 

The  watertable  having  been  omitted,  the  base- 
ment windows  at  the  ends  of  the  house  will  be 
lowered  so  that  t' e  lintelsmay  be  formed  as  a  part 
of  the  floor  slab.   Two  l/?"  rounds  are  sufficient 
reinforcing. 

The  window  lintels  at  the  rear  of  the  house 
will  be  formed  similarly,  and  the  openings  lower- 
ed to  correspond,  as  shown  by  the  typical  wall 
section.   Although  the  lintel  over  the  laundry  win- 
dow, if  figured  as  a  beam,  is  deficient  in  strength, 
yet  the  arch  action  involved  makes  it  safe. 
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The  present  clear  height  in  the  first  story  is 
retained,  using  eight  full  and  one  half  "blocks,  the 
joints  then  averaging  ahout  5/16".   The  typical 
window  height  is  practically  unchanged  "by  the  lintel 
shown  on  the  section. 

The  clear  height  in  the  second  story  is  increased 
1" ,  sight  full  blocks  "being  used,  and  the  joints 
then  averaging  atout  7/16" . 

By  using  a  Z/A^    cement  coating  for  the  porch 
floors,  the  centering  for  the  porch  slahs  will  "be 
kept  at  the  saire  level  as  for  the  inside  slabs,  and 
the  difference  in  floor  levels  is  reduced  to  2-1/4". 

Footings  1,  2,  5  and  6  are  to  be  omitted. 
Footings  3  and  4  are  retained  for  columns  extending 
to  the  attic  floor,  as  additional  support  is  neces- 
sary for  the  beaJT  in  the  Living  Room  ceiling,  and 
for  the  beairs  to  support  the  stairs  and  floor  slabs 
at  stairways.  These  columns  may  be  placed  in  the  cor- 
ners of  partitions  and  hence  would  not  be  objection- 
able.   A  concrete  footing  will  extend  along  the  pres- 
ent line  of  posts  from  the  N.  W.  wall  to  Footing  4. 
On  this  will  be  placed  an  3"  tile  bearing  w§,ll, 
forming  the  coal  bin  and  hall  partition.   This  is 
made  thick  so  as  to  support  safely  the  three  floor 
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slabs  and  th9  "bearing  partitions  in  the  first  and 
second  stories  corresponding  to  this  "basement  par- 
tition.  The  partition  from  Footing  5  to  the  chimney 
carries  only  the  Living  Room  floor  sla"b  and  hence 
will  be  made  of  4"  tile.   The  section  from  Footing  4 
to  Footing  5  is  for  a  dividing  wall  only,  and  will 
also  be  made  of  4"  tile.   The  partition  between  the 
Dining  Room  and  Entrance  is  unsafe  if  supported  only 
by  a  ^"  floor  slab,  and  hence  the  present  wooden 
coal  bin  partition  underneath  will  be  made  isK  a  6"  til 
partition,  to  rest  on  a  footing  to  be  laid  by  the 
contractor  placing  f^e  other  footings.   The  remaining 
basement  partitions  are  dividing  walls  only  and  will 
be  made  of  r?"  and  4"  tile  as  sho^vn. 

The  exterior  walls  above  the  first  floor  slab 
will  be  8"  thick,  except  for  the  porch  at  the  first 
story,  which  will  be  made  of  12"  tile  on  account  of 
the  wide  openings.  The  tile  for  a  distance  of  one 
foot  on  each  side  of  these  openings  will  be  filled 
with  concrete  and  reinforced  with  steel  rods. 

The  partition  between  the  Dining  Room  and  Kitchen, 
and  extending  to  the  main  stairway  will  be  a  bearing 
partition  of  6"  tile.   The  Dining  Room  partition 
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containing  the  sliding  door  will  te  constructed  of 
3"  tile.   The  partition  around  the  vestibule  and 
closets  at  the  entrance  will  "be  made  of  6"  tils  for 
the  sake  of  warmth  during  cold  weather,  although  3" 
tils  would  otherwise  be  used.   The  remainder  of  the 
partitions  in  f^is  story  are  dividing  walls  only 
and  will  ts  made  of  3"  tile, except  for  4"  at  stairs. 

This  gives  a  general  idea  of  how  the  revisions 
would  be  made  for  changing,  from  fram.e  to  tile,  the 
construction  of  a  building  such  as  this.   Specifica- 
tions for  securing  bids  and  erecting  the  work  would 
be  about  as  given  on  the  following  pages.   In  writing 
these  it  has  been  assumed  that  t^ers  have  been 
drawn  up,  in  addition,  gsnsral  specifications  cover- 
ing concrete  work,  carpentry,  plastering,  etc.,  to 
which  references  may  be  given,  so  that  detailed  in- 
formation in  regard  to  these  other  items  need  not  be 
given  in  the  following  specifications  for  tile  work. 
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Specifications 
for  the 
Hollow  Tile  Work 
of  a 
House  for  MTj_   Rodney  Grander. 

Furnish,  deliver  and  set  the  hollow  tile  and  other 
materials  necessary  in  connection  with  same  for  the 
construction  of  the  walls,  floors,  and  partitions, 
as  specified  herein. 
General  Conditions. 

These  specifications  and  the  accor.panying  draw- 
ings are  supplementary  to  the  original  plans  and  to 
the  general  specifications,  of  which  they  are  a  part. 
Proper  reference  will  te  made  to  items  of  the  general 
specifications  whenevar  work  not  described  in  this 
item  is  to  "be  done  in  connection  with  the  hollow  tile 
work. 

The  plans  and  elevations  shown  on  Sheets  1,  2  and 
3  are  as  drawn  for  the  original  design,  which  it  is 
now  proposed  to  alter.   The  more  important  dimensions 
on  the  plans  have  heen  revised  or  confirmed,  as  shown 
by  crossing  off  or  checking  the  original  ones.  How- 
ever, the  sizes,  dimensions,  etc.-,  given  in  these 
specifications  for  tile  work,  and  in  the  sections 
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Specifications, 
shown  on  Sheet  2   shall  modify  and  over-rule,  wherever 
there  is  conflict,  those  given  on  the  original  plans 
and  elevations  and  not  so  revised  or  confirmed. 

The  outside  dimensions  of  the  present  fo\andations 
shall  be  retained  as  the  outside  dimensions  of  the  ex*. 
terior  walls  in  all  stories.   Thus  the  watertable  shall 
be  omitted  and  the  outside  face  of  the  walls  shall  form 
a  flat  continuous  surface  from  the  top  of  the  footings 
tt  the  roof  plate. 

The  concrete  footings  arsnot  a  part  of  this  item, 
and  the  builder  shall  put  in  a  separate  figure  if 
he  wisnes  to  include  them  in  his  proposal.   The  main 
wall  footings  have  not  been  changed.   Footings  1,  2,  5 
and  6  have  been  omitted,  and  a  continuous  footing  fol- 
lows the  present  line  of  column  footings.   Continuous 
footings  have  been  added  to  support  the  6"  tile  parti- 
tion now  required  between  the  Coal  Bin  and  Boiler  Room, 
and  the  4"  partition  under  the  stairs. 

From  the  top  of  the   footings  to  the  roof  line,  the 
exterior  walls  shall  be  constructed  of  hollow  tile. 
In  general,  the  foundations  shall  be  off  12  X  12  X  12- 
inch  tile  and  the  superstructure  of  3  X  12  X  12-inch 
tile  . 
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Specif'ications. 

Except  tbe  cMmney  end  the  gable  ends  of  the 
rpai'^  walls,  no  coristructior!  above  the  attic  floor 
is  included  in  this  part  of  the  work.   The  chiir.'^ey 
bslOTO  the  attic  floor  is  not  included  herein,  as  the 
present  arrangement  of  flues  has  been  found  faulty,  - 
and  must  be  revised.   However,  ^the  structural  dissen- 
sions will  remain  unchaT^ged,  e^d  the  ovmer  -^ill  ar- 
range for  its  erection  so  as  not  to  im.pede  the  T^ork 
of  any  contractor. 

The  interior  partitions  shall  be  constructed  of 
hollon^  tile  of  thicknesses  shonm  by  sections  and  re- 
visions, or  given  in  these  specifications.   All  par- 
titions rr.ust  be  started  on  the  structural  floor  and 
wedged  against  the  under  side  of  the  slab  above. 

The  flnor  slabs  shall  be  of  the  Johnson  System 
and  as  sho'"^"  by  the  details  on  Sheet  P. 

Reii^forced  concrete  columns  a^'id  beams  required 
at  steir-^ays;  to  support  the  attic  floor  :^lab  at 
the  front  bay  and  at  the  gable  end  above  Bed  Room 
No.  1;  and  to  support  the  second  floor  slab  above 
the  Living  Room  and  above  the  Porch  are  included  in 
this  work,  a^^d  are  to  be  constructed  acccrding  to  the 
specifications  therefore  in  a^^other  item  of  the  gen- 
eral specifications. 


.-   -  •  ■■...-r.         ■■  ^     •   .-.     tiBq    3iHi     -ij     '      .,.r.. -,  ■      ..  I 

"'  '•  J     ^Luq~i   oj-    .tot  es   02   i^oi^toais   eii   t')"     ---<--' 

.'tCj'^jBT+r'O" 

'xo    L--j    fjiJe-'oo    0cf   IIsfl3    fc'^oi.tii'isq  loiTSirx    s--, 

--'i     •■-'  r--   ..J',  ,::;     v:f     n-c-*-     :i,-^-^yici^'i    lo.  3lij-    770lJ0ri 

-'i«.i    IJA       .  i.i^'Oi  t .  ox'j.iosqi-:;    =3;;'1J-    f-ri    rtivx-^   -lo    , 
D";-i   Tooll    I;:;i:;t5;-"icfs    sd^    r«o   £)Sj-'-iBJ-?i    :.-i     ^  :  ... 
..ovorf-^    rf:\I.^    o'^i   In   sbis   i-b'^fj-   ='^  ' 
■ion   8rf.t   "lo   sd    ri 

'':    fro    sll.:ibx)   9-1+    y/j    -tvc^c; 
...■.:  i. 'J !■-„•:    ;•,;!! co'j   o^£   en.-!:rjIoo   sia"!0"foC'   bsciol^'i 
Jf^    cTijI  .   'lo.-II    oi.tls    O'iJ    j'tnqcue    oi    ;3ijb'-"^:, 
iv.O'-);,i    6..  ■:   avocfB   bnr-,    sliB-g   srli   ^-.o   £)rrjB   \;s<J  ^-^cr't   s^'* 
9v->-i'-:    i3l'c;   looll   baooes    3^:1    jToqquti    o.t    fc'Xje    tX    .■.-. 
"x   bsijL'.ro'^x    uTcs   rfoTOh    s-ii    svo-fs   i)rtB  ntooft  ■^'^^7 
ait    oi    '^  ■■■'i  DTrr^'^'-j    bo  j-'^  ?.;-:  + 5 -^oo    scf   o.:^    cte   fo'xe    ,>fT'- 
-'^-:.    -  -i    'I0   'H  ^  ?  i    Tvij-.y-^;    nl    STOts'iS'^i    s^rol,*.'-' 

.&r?oiij?oi' 


100 

Specif ice tiers. 

Tile- 
All  material  for  exterior  walls  must  "be  as  good 
as,  cr  superior  to,  a   :rediu.T.  bard-turnsd  seiri -porous 
grade  of  terra  cotta  tile.   All  "blocks  for  exterior 
V7alls  must  te  true  and  regular  in  size,  ard  frac- 
tional lengths  shall  te  supplied  in  sufficient 
qua'^tity  to  avoid  cutting  as  much  as  possible. 
Exterior  "-all  tile  shall  have  e    dovs-tail  scoring 
approximately  1/4"  deep.   The  exterior  shell  shall 
te  -^ot  less  than  15/16"  thick  "between  grooves  snd 
not  less  than  P/l6"  deep  at  the  ■bottoP'.  of  grooves. 
The  -ets  shsU  te  at  least  l/p"  thick.   Ilocks 
having  cracks  in  the  longitudinal  wets  or  in  the 
outside  shells  'vill  he  rejected,  as  will  also  all 
tlocks  tadly  troken.   In  general  the  tlocks  nust  te 
equal  in  quality  a'^d  Btreng+h  to  the  Katco  Hollow 
Tile  rranufactured  ty  the  National  Fireproofing 
Company. 

The  same  material  -  deep-scored-  may  te  used 
for  interior  partitions,  in  which  case  the  tlocks 
shall  conform  to  the  atove  requirem.ents.   Partition 
tile  also  may  te  used,  in  Tvhich  case  the  exterior  fsces 
shall  te  lightly  scored,  cr  corrugated,  atout  1/16" 
deep,  and  the  thickness  of  the  wets  and  shells  may 
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Specif icetions. 
te  reduced  to  7/16"  and  11/16"  respectively,  while 
in  other  respects  the  material  shall  conform  to 
the  requiren.ents  for  exterior  wall  tlocks. 

The  tile  used  in  floor  slats  shall  have  shells 
at  least  ?/4"  thick  and  shall  be  of  well  burned  ma- 
terial eougl  in  quality  to  a  high  grade  of  partition 
tile. 
T lie,  getting . 

All  blocks  used  in  the  exterior  walls  ar^d  in- 
terior bearing  partitions  shall  be  laid  "end  con- 
struction" or  with  the  hollows  placed  vertical. 
The  shells  and  webs  running  lengthwise  of  the  wall 
shall  be  well  covered  with  mortar,  but  no  mortar 
shall  be  spread  on  the  ends  of  the  cross  shells 
and  webs.   The  abutting  sides  of  the  blocks  in  the 
exterior  walls  shall  have  tight  joints  at  the  edges, 
but  these  vertical  joints  shall  have  a  hollow  space 
8t  the  center. 

Interior  subdividing  partitions  may  be  laid 
on  the  side  if  desired. 

The  tile  shall  be  well  watered  just  before 
setting,  especial  care  being  taken  in  hot  weather. 


oj    .  :   ,.         .    ._  ..-     .: 

,«:>('^oId'   Lle-r  to. 
'.lliria    £v.e,f1    riBrfr.-;   r.cfr. f-.i  'icoll   ni   d.-j^jij   sli.t    .:.  - . 
•  ri.TT  r)3"T-TuCf   IIsw  'io   S'i   Ilaria    c-^a   ?ioif^i    "^Xt   issr-I   i- 

.?jn!l:tj9c    sIlT 

-fToo   i^-is"   bifil    s:;f   rfjarfa    s-^oitx Jtj.j  -oniisscf  loiTSi 
.  '       '  '     "        '  '  '■'.tiv!'  TO    "ptoij"'. 

LL.^-  -...;,■_      Jaw   j^n^   ,.IIc(1. 

•"rf3.t*To:[T   ort   iarf    ,'iJ3iT0.ii  ri.ti'"  cstsvoo    I!""r   odT    i 
arr^rje    asOTO    aril   lo   a£).T-j   srit   fo    ;:  ■ 
a 'It    'fi    aioola'   erii   'Ic    33  bio   '^aii.t^'d.s    S'-^l 
■or     :rr!ui*     DVBrt    I--      ■ 

bisl    s-i   v;B:n   o'^oi.t  Lj-isq   .M'^iliivxDcf.fjs   Toi'isirri 

.bsiiasfc   li    obi--;    ;'1^    "'n 


102 
Specifications. 

Ruty  i^all  Plugs  shall  te  inserted  in  the  walls 
and  partitions  as  necessary  for  securing  the 
grounds  for  the  wood  trim, 
fco  r  t  a  r . 

The  mortar  used  for  laying  up  the  wall  and 
partition  tile  shall  consist  of  one  part  standard 
Portland  cement  to  four  parts  of  sand  to  one  part 
lime.   The  lime  shall  te  well  slaked,  in  advance  of 
requirements,  ''^ith  a  little  of  the  sa'-d.   The  cement 
and  sand  shall  te  mixed  dry,  just  tefore  the  m.ortar 
is  required  for  use,  in  the  proportions  of  one  to 
two  or  three.   This  shall  te  added  to  the  slaked 
lime,  mixing  in  well  with  water,  and  enough  sand 
additional  so  as  to  form,  a  smooth,  m.oderately  stiff 
mortar  of  the  proper  proportions. 
Foundation  Walls. 

The  loundation  walls  shown  on  the  tasement 
plan  as  10",  1'-?",  and  1 ' -4"  concrete  shall  te  con- 
structed of  1?"  hollow  tile  tlocks.   From  the  top 
of  the  mai"  v;all  footings  to  the  under  side  of  the 
first  floor  slat  the  foundation  wall  shall  te  laid 
up  as  seven  courses  of  12   X  1?.    Y.  IZ   -   inch  tlocks, 
one  course  of  1?  X  12  X  6  -  inch  tlocks,  and  a 
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Specifications, 
course  of  1"  solid  slats.   The  joints  "being  made  to 

average  7/16"  will  then  give  the  correct  ceiling 
height  as  shoi^m  ty  the  section  on  Sheet  2.      To 
break  the  .joints  of  different  courses,  6  X  12  X  12- 
inch  tlocks  shall  "be  used  at  the  corners. 
Easeiient  Partitions. 

Construct  a  partition  of  8"  tile  from  the 
column  on  Footing  4  to  the  N.  W.  end  wall.   Con- 
struct a  partition  of  6" tile  between  the  Coal  Bin 
and  the  Boiler  Ecom,  located  as  shovnn  by  Section  E- 
B,  Sheet  ^.      Co^-struct  the  Laundry  partitions,  and 
also  those  underneath  the  stairways,  of  4"    tile. 
Construct  the  Toilet  and  Vegetable  Room  partitions 
of  3"  tile. 
Zir^t  Story  Walls. 

Construct  the  Porch  walls  of  this  story  of 
12"  tile,  except  the  rails  ar^d  Flower  Box  curb, 
w'-iich  are  to  be  of   6"  tile. 

Construct  the  Entry  and  Rear  Porch  walls  of 
6"  tile. 

Construct  all  other  exterior  walls  of  S"  blocks, 
including  the  section  between  the  Perch  and  the  Liv- 
ing Room.   From  the  surface  of  the  first  floor  slab 


.^nilliio   jou'iioo   srii    svxTj    rjori^t    Iliv;    "3f\V   sssi^v;- 
sfiJ   .jioTi   i*Ii:f    "ci  lo   aoiixJ-Tsq   3   ioiJ'iia'O',. 

-^•roj        .  ['"  .         -    '  '  -   .   ■  .- - 

.slid-    "?   *io    5  a-^Tv-T  is  J  a   edi   riiser<-iefcir';j  eaorii   oclr. 
ancx Jxj'xsq   moon   ordBJi!;'"<s/   b"£   ieliol   sr'.i    *oiJiS^>'<c[: 

.sliJ    ""   ■70 
•■^/.I^I  X22lx   ielil 

,cfT:uc   xo.l  ij:vv'0l'>i  b'tB   ■  '    .tq-.oxe    ,'jri.-t    ""^I 


•■'■■JiCf     "li    lo    ellCW    •'10X19^X8    TodtO     II.' 

■vi-.I   erfi    b'^.o   fino4   £rl:t   ao^wtacT  noi' 
■SbL'c  -looll    ieii'i   a-i^   to   eo.-1-ixra    ^s-  .r 


.DiXCt     "^ 


104 
Specifications, 
to  the  structural  ceiling  atove,  the  wall  shall 
consist  of  eight  courses  of  8  X  12  X  12  -  inch 
"blocks,  or^e   course  of  6  X  12  X  6  -  inch  tlocks 
and  one  course  of  1"  solid  slats.   The  joints 
beii^g  made  to  average  5/16"  will  then  give  the 
correct  ceiling  height. 

Construct  the  partition  between  the  Dining 
Room  and  !'itchen  of  6"  tile,  and  cc^tinue  the  same 
to  the  nain  stairs.   Construct  of  6"  tile  the  Ves- 
tibule partitions  and  the  front  wall  of  the  En- 
trance Hall.   Construct  the  partitions  on  each 
side  of  the  rain  stairs  of  ^^  tile  throughout  all 
stories.   All  other  partitions  in  this  story  shall 
te  constructed  of  :"  tile. 
Second  Stor;^   Walls. 

The  exterior  walls  of  this  story,  including 
that  between  the  Sleeping  porch  and  Eed  Rooir.  Ko.l, 
shall  he  constructed  of  eight  courses  of  8  X  12  X  12- 
inch  blocks,  and  o'^e  of  1"  solid  slabs.   The  joints 
then  should  average  7/16"  to  give  the  correct  ceil- 
ing height. 

Construct  the  main  bearing  partition  and  the 
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Specifications, 
main  steir  partitions  of  ^^  "blocks  as  noted  on  plan. 
All  other  partitions  in  this  story  shall  be  con- 
structed of  3"  tile. 
Facing;  at  Floor  Levels. 

A  course  of  6"  lengths  of  3"  tile  is  to  be 
set  on  the  1"  solid  slats  at  floor  levels  as  a 
facing  for  the  floor  slabs,  as  shown  on  the  typical 
'  section  at  the  attic  floor  level.   Two  inch  facing 
is  to  be  used  on  the  outside  of  reinforced  lintels, 
as  sho^m  at  the  other  floor  levels. 
Front  Entrance. 

The  foundations,  floor  and  columns  will  be 
furnished  and  placed  by  other  parties. 
Roof  Plates. 

Place  anchor  bolts  for  roof  plates  at  inter- 
vals of  five  feet.   These  shall  be  sA^bolts  30" 
long,  with  plate  or  wssher  at  lower  end  for  the 
gables.  I^ey   shall  project  6"  above  top  of  wall, 
and  be  secured  in  wall  with  cement  grout.   For  the 
fro^t  and  rear  walls  they  shall  be  1^"  long  with  a 
four  inch  hook  on  the  lower  end,  and  shall  be  em- 
bedded in  the  attic  floor  slab. 
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Specifications. 
Chimney. 

Set  the  flue  lining  atove  the  attic  floor-  which 
will  te,  after  the  revisions  are  made,  practically 
as  shov,^  now  and  which  will  te  furnished  ty  the 
owner-  a^^d  huild  around  it  with  4"  deep  scored 
blocks.   Below  the  attic  floor, set  4"  tile  as  fac- 
ing where  chimney  is  exposed  outside  of  wall. 
Openings. 

Co>-)struct  lintels  over  all  openings.   The  lin- 
tels ever  the  taserent  wall  opening  shall  he  con- 
structed so  as  to  be  a  unit  ^ith  the  floor  slab,  as 
shown  on  Sheet  2.   Lintels  over  windows  five  feet 
or  more  in  width  shall  be  constructed  as  shown  in 
the  first  story  of  the  typical  section.   Lintels 
Over  narrower  openings  may  omit  the  beem  formed  from 
the  slab.   Lintels  shall  have  a  bearing  of  at  least 
nine  inches  on  each  side  of  the  opening. 

Fill  the  tile  for  l£"  on  each  side  of  the  open- 
ings in  the  front  ard  rear  walls  of  the  Porch  with 
concrete,  a^d  reinforce  with  four  1/2"  rounds  on 
each  side. 

Form  all  window  sills  a'^d  copings  for  porch 
rails  of  5"  tile  laid  on  the  side,  with  a  slight 
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tilt  downward  towards  the  outer  end. 
Floor  Slabs. 

The  concrete  shall  consist  of  a  one  to  four 
mixture  of  standard  Portland  cement  mortar.   It 
shall  "be  placed  so  as  to  form  a  layer  at  least  one 
inch  thick  "beneath  the  tile;  and  so  that  the  1" 
space  between  the  rows  of  tile  and  also  the  joints 
between  the  individual  tile  shall  be  filled  solid 
with  the  mortar. 

A  sloppy  consistency  is  required  and  the  work 
shall  bs  carried  on  rapidly  so  that  the  mortar  of 
the  joints  and  lower  layer  shall  bond  thoroughly 
with  each  othtr  and  with  the  tile. 

The  reinforcing  stsel  shall  consist  of  A.  S. 
and  W.  Go's  No.  6  Triangular  Ivesh,  into  which 
shall  be  ^oven  l/2"  rounds  spaced  P"  c.  to  c.   A 
good  quality  of  medium  steel  shall  be  used,  and  the 
rods  must  be  clean  and  free  from  scales  of  rust. 
The  reinforcing  shall  be  placed  on  the  layer  of 
mortar  forming  the  bottom  of  the  slab  as  soon  as 
the  latter  has  been  leveled,  so  that  it  will   embed 
itself  during  the  placing  of  the  tile  and  the  pouring 
of  the  remaining  mortar. 
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Five  inch  tile  shall  te  used  for  all  slats, 
placed  closely  end  to  end  in  rows  1"  apart  on  the 
lower  layer  of  mortar  before  the  latter  has  begun 
to  acquire  a  set.   All  blocks  shall  be  saturated 
■i-^ith  water  just  before  setting  in  place.   Where 
slabs  rest  on  walls  for  support,  stuff  the  end 
blocks  about  the  niddle  of  the  hollows  so  that  they 
-ill  be  filled  about  half  way  with  mortar.   These 
blocks  shall  be  placed  so  as  to  extend  3"  into 
concrete  lintels  ?nd  to  within  5"  of  outside  of 
wall  v'here  there  are  no  lintels.   At  end  walls, 
place  the  first  row  of  tile  so  that  the  outside 
shell  is  under  the  web  of  the  wall  tile  above. 
Under  all  partitions  run^^ing  lengthwise  of  the  span, 
and  also  where  the  slab  rests  or^  or  supports  bear- 
ing partitions,  oir.it  to  tile  for  a  sufficient  width 
so  as  to  xTiake  a  solid  slab  along  these  lines. 

These  floors  shall  be  laid  under  the  direction 
of  a  foreman  experienced  in  this  type  of  slab  con- 
struction. 

The  cement  finish  on  the  floors  of  the  Porch, 
the  Sleeping  Porch,  and  the  Rear  Porch  will  be 
placed  aftsrv/ards  by  other  parties. 
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Stairs. 

Construct  all  stairs  and  landings  of  rein- 
forced concrete  according  to  the  specifications 
for  Concrete  Work  given  elsewhere  in  the  general 
specifications. 
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kethod. 

Contractors  consider  it  a  fair  average  to  se- 
cure contracts  for  one  out  of  ten  jobs  estimated. 
Hence,  excspt  in  particular  cases,  estimates  are 
rough  approximations  of  materials  and  labor,  and 
depe>^d  for  accuracy  on  the  skill  a^d  experience  of 
the  estimator  in  balancing  correctly  the  quantities 
and  costs.   Ey  lumping  the  items  in  this  manner, 
consideratle  time  is  saved,  "because  a  detailed  till 
of  materials  is  figured  only  for  the  work  for  which 
a  coi^tract  has  been  secured.   The  estimate  herein  is 
made  accordingly,  and  the  several  quantities  are  in 
general  only  approximations,  although  it  is  intend- 
ed that  the  final  figure  for  cost  and  the  indiv- 
idual figures  for  the  cost  of  the  tile  required 
in  the  walls,  partitions  and  floors  shall  be  accur- 
ate. 
Quantities. 

The  foundations  and  exterior  walls  were  esti- 
mated first,  then  the  partitions,  and  lastly  the 
floors  including  the  stairs. 

The  1?"  coi^struction  below  the  basement  ceiling 
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Estimate, 
totals  1P34  square  feet;  deducting  100  square  feet 
for  openings  gives  1834  square  feet  net. 

The  3"  facing  for  the  first  floor  sla"b  is 
lumped  ''.'ith  that  for  other  floors,  a^^d  totals  543 
pieces. 

The  area  of  the  6"  construction  at  the  rear 
porch  and  entry  is  about  236square  feet.  Deducting 
27  square  feet  for  openings  gives  209  souare  f^et  net. 

The  net  area  of  IT"  estimated  for  t^e  1st  story 
of  the  Porch  is  atout  162  square  feet.   The  6"  re- 
quired for  f-e  rails  and  Flower  Box  is  atout  80 
square  feet. 

The  gross  area  of  8"  for  1st  and  2nd  story  walls 
is  atout  2?^^^  square  feet.   The  openings  total  a- 
tout  7Pe    square  feet  giving  2198  square  feet  net. 
Four  inch  tile  for  facing  the  chimney  below 
the  attic  floor  and  for  building  around  flue  lin- 
ing above  amounts  to  about  240  square  feet.   In  add- 
ition, there  is  to  be  set  about  42  lineal  feet  of 
flue  lining. 

Three  inch  tile  for  windo";'  sills  and  coping 
on  porch  rails  amounts  to  302  square  feet. 

Deep  scored  tile  is  to  be  used  in  the  fore- 
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going:  partition  tile  will  be  used  in  the  remainder. 

In  the  basement,  the  area  of  8"  tile  is  esti- 
mat3d  at  ^05  scuare  feet:  that  of  6",  89  souare 
feet:  of  <?",  338;  and  of  3"  tile,  121  square  feet. 

In  the  first  story,  the  estimate  for  6"  tile 
is  276  square  feet;  for  4",  200;  and  for  5",  476. 

In  the  second  story  -  4",  400;  3",  718  square 
feet. 

The  net  area  of  Johnson  floor  in  the  1st  story 
is  about  1467  scuare  f:et.   This  includes  the  slebs 
for  Porch,  Rear  Porch  and  Entry  and  roof  of  the 
latter. 

The  net  area  in  the  S^^d  floor  is  1327  square 
feet;  and  for  the  attic,  1407  square  feet. 

The  slabs  for  Toilet  Room  No, 2  and  the  Landing 
above  are  a  part  of  the  Concrete  Work  for  ?fhich 
specifications  are  not  given.   They  -ould  be  made 
a  part  of  the  stair  cc^struction  and  hence  will  be 
of  solid  concrete. 

Stairs  are  usually  estimated  according  to  the 
lineal  feet  of  risers.   The  construction  of  the 
n ain  stairs  is  simple,  that  of  the  service  stairs 
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much  less  so,  and  hence  the  quantities  will  te  sep- 
arated.  The  numter  of  lineal  feet  in  the  risers 
of  the  main  stairs  is  estimated  at  74;  of  the  ser- 
vice stairs,  132, 
Costs  and^  oumir.ary . 

Concrete  stairs  are  usually  estimated  not  so 
much  from  the  quantities  of  steel,  concrete,  etc., 
required  as  from  the  relative  difficulty  of  their 
construction.   The  main  stairs  would  usually  be  2St- 
imated  at  atout  90i ,    a'-d  the  service  stairs  at  about 
tl.25  per  liT^eal  foot  of  risers.   Concrete  designs 
not  being  shown  herein,  their  quantities  and  costs 
are  om.itted. 

The  following  costs  for  the  various  tile  items 
are  fair  average  values  derived  from  those  given  in 
the  Appendix. 

Cost  of  setting  1*^"  tile  lor  foundations,  etc- 
8?  per  square  foot,  Setting  3"*  facing  f r  r  flexor  slabs- 
li   per  souare  foot,  Setting  6"  tile  for  Entry,  etc- 
6^  per  square  foot,  Setting  4"  tile  for  chiminey  and 
3"  for  sills  and  copings  -  6^  per  square  foot. 

The  8"  tile  for  exterior  walls  would  usually 
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be  estimated  at  atout  7^,   "but  as  no  separate  item 
has  "been  made  for  the  special  work  at  lintels,  etc., 
the  setting  of  this  will  te  raised  to  e<^   per  square 
foot. 

The  6"  and  8"  interior  partitions  will  be  es- 
timated at  6'r;  the  3"  and  4"  at  5^  per  square  foot. 

The  floor  slabs  will  be  estimated  according  to 
a  unit  price  obtained  as  follows. 

The  weisrht  of  a  5"  tile  is  about  20  lbs.   Tak- 
ing the  factory  base  at  ^E.OO,  freight  at  $1.00, 
and  cartage  at  ^0^ ,    the  blocks  would  cost  6  1/2?^ 
per  square  foot,  delivered.   Now  the  floor  area  re- 
presents, besides  the  area  of  the  tile,  the  areas  of 
the  Toints  between  the  rows  and  of  the  solid  slab 
under  sore  of  the  partitions,  so  that  the  cost  of 
the  tils  may  be  reduced  to  practically  si   per  square 
foot  of  floor  area.   These  floor  tile  can  be  set  in 
place  for  2^   per  square  foot.   The  light  forms  re- 
quired for  these  slabs  would  cost  about  6^   per  square 
foot.   About  1.1  Its.  of  sto-l  is  required  for  each 
square  foot,  costing,  say,  3"^  in  place.   The  1:4 
mortar  would  cost  about  ^'^^   per  square  foot,  allowing 
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for  the  special  work  under  partitions  and  at  floor 
lintels.   Finally,  sundries  would  amount  to,  say, 
bi   per  scuare  foot,  and  the  total  unit  cost  of  the 
slabs  would  be  ?7i   per  square  fnot. 

Tl^e  estimate  for  the  floors,  partitions  and 
extsrior  v/all",  exclusive  of  the  reinforced  con- 
crete stairs,  slabs,  beairs  and  columns,  is  giver 
on  the  blue  print  following  this  page. 
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Prices  and  Costs, 

Hollow  tile  is  sold  either  on  the  "lump  sum" 
or  on  the  "piece  price"  "basis.   For  f-'e  forn:er,  the 
seller  is  given,  or  estimates  himself,  the  quantities 
of  the  various  sizes  which  are  required,  and  com- 
putes the  weight  of  the  whole  in  tons. 

To  the  "base  price  per  ton  at  the  factory  is 
added  the  freirht  rate,  the  cartage  and  an  allowance 
for  treakage  per  ton,  and  then  this  sum  multiplied 
"by  the  total  number  of  tons  gives  the  lump  sum  price 
for  the  tile  delivered  at  the  job.   To  get  a  piece 
price  for  any  size  of  tile,  the  weight  of  the  block 
is  divided  "by  £000,  and  the  quotient  is  multiplied 
by  the  sum  of  the  factory  price,  the  freight  rate 
and  the  cartage  per  tor-. 

The  factory  price  of  different  styles  of  blocks 
and  from  different  m.anufacturers  varies  from  about 
12.50  to  about  tP.OO  per  ton.    The  minimiom.  freight 
rate  is  about  50^  per  ton,  and  is  usually  from  755^^ 
to  t'2.00  per  ton.   Cartage  varies  from>  40^  to  |l.00 
or  more.    It  is  only  where  the  seller  proposes  to 
furrish  sufficient  tile  to  complete  s  piece  of  work 
that  breakage  is  added.   Two  to  five  per  cent  usually 
covers  it. 
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Prices  and  Costs. 

As  examples,  assuire  a  factory  price  of  |5.00, 
freight  of  fl.OO,  cartage  of  759^  and  breakage  5%. 
Then  the  cost  of  500  tons  would  be  500  times  116.75 
times  1.03.   Correspondingly,  the  cost  of  a  block 
weighing  55  lbs.  ^^ould  be  35/2000  x  |6.75,  or  11.8?^. 

The  Cost  of  setting  for  walls  and  partitions, 
varies  from  44   to  14^  per  block,  with  averages  of 
54   to  8^  for  sizes  up  to  3"  ,  and  8^  to  10$^  for 
larger  sizes. 

Incidental  concrete,  such  as  lintels  and  ver- 
idical reinforci-i'ig,  etc.,  varies  from  249^  to  30?^  per 
cubic  foot.   Reinforcing  steel  for  same  may  be  est- 
imated at  2  1/2  to  35^  per  lb;  fornis  for  same,  109^ 
to  12<^  per  square  foot. 

The  forms  for  one  way  Combination  floors  cost 
about  si   per  square  foot;  for  solid  slabs  and  John- 
son System  floors,  about  P  to  si;    and  for  beams  and 
girders,  about  IC?^'  per  square  foot.   The  cost  of 
setting  the  tile  for  combination  Floors  is  about  2i 
per  block. 

Concrete  for  solid  slabs  or  topping  is  usually 
estimated  at  ?y^  per  square  foot  per  inch  of  thickness 

Concrete  stairs  cost  from  309^  to  |l.25  per 
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lineal  foot  of  risers. 

There  are  various  Sundries  a'^d  overhead  ex- 
penses connected  ivith  the  ^'^ork.   The  principal  ones 
are:  lumter,  scaffolding,  etc.,  insurance  for  work- 
uien;  v/ater:  patching  and  clea'^i^g  up;  and  traveling 
expenses  for  workmen,  superintendents,  etc. 

Finally  a  profit  must  "be  taken,  the  percentage 
depending  upon  the  size  and  character  of  the  work, 
and  upon  the  care  and  completeness  of  the  estimate. 
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Approximate  Strength  of  an 
Eight  Inch  Hollow  Tils  Wall. 

It  is  not  practical  to  try  to  set  the  cross- 
wets  and  shells  one  above  another,  so  that  only  the 
two  long  shells  and  one  long  web  will  be  considered 
as  loaded. 

The  thickness  of  the  shells  may  be  taken  as 
3/4",  and  of  the  web  1/2".   Then  the  area  in  com- 
pression is  12  (2  X  3/4+1/2)  =  24  square  inches. 

Tests  of  single  blocks  show  from  4000  to  10,000 
lbs.  per  square  inch  ultimate  compressive  strength. 
Tests  of  partitions  T2  ft.  high  and  only  3"  and  4" 
thick  sho?^  from  2000  to  3000  lbs.  per  square  inch 
ultimate.   Taking  the  lower  values,  4000  lbs.  for 
test  blocks  and  2000  lbs.  for  actual  walls,  and 
assuming  a  factor  of  safety  of  10  for  the  first 
and  5  for  the  second,  gives  a  safe  bearing  value 
of  400  lbs.  per  square  inch  of  net  area.   This  in- 
dicates that  the  350  lbs.  and  250  lbs.  allowed  re- 
spectively by  the  Chicago  and  Mew  York  "ordi^at^ces 
are  conservative  values.   The  strength  of  400  lbs. 
per  square  inch  of  net  area  corresponds  to  24  X  4.jO 
or  P600  lbs.  equals  4.8  tons  per  lineal  ft.  of  wall. 
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Approximate  Strength. 

Consider,  as  an  example,  the  case  of  a  three 
story  residence  of  heavy  fireproof  construction, 
12  inch  -i&lls   in  the  tasement  and  S  inch  walls 
above  the  first  floor.   The  load  on  the  8  inch 
avails  will  "be  two  floors  and  roof,  with  live  and 
dead  load:  also  the  weight  of  the  partitions, and 
walls  of  three  stories. 

Assume  the  wall  spans  to  "be  20  ft.  long,  and 
the  height  of  walls  30  ft.   The  weight  of  the  walls 
is  about  55  lbs.  per  square  ft;  that  of  the  floors, 
not  over  leo  lbs.  for  each  story;  and  of  the  roof, 
about  100  lbs.   The  areas  of  windows,  etc.,  are 
about  20^  of  the  total  wall  area,  and  their  com- 
bined widths  probably  less  than  40^  of  the  peri- 
meter.  Then  the  maximum  average  load  per  lineal 
feet  of  T/all  in  very  heavy  residence  construction 

is  about 

r  20  -1     10 

kg  X  150+100)  X  2  +30  X  55  X  .8  J   X  6 

or  about  8?00  lbs.  per  lineal  ft.  of  effective 
wall.   This  is  about  700  lbs.  less  than  the  prob- 
able safe  strength  of  the  wall,  although  un- 
usually heavy  loads  and  wide  openings  in  the  walls 
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Approximate  Strength, 
were  assumed. 

Hence  it  would  not  te  necessary  to  reinforce 
such  a  wall  except  where  there  was  a  team  or  other 
concentrated  load,  or  where  the  wall  surface  was  cut 
into  small  piers  by  the  openings. 

The  forgoing  discussion  is  open  to  criticism 
for  several  of  the  statements.   Fcr  one  thing,  the 
"bed  joints  of  the  wall  must  necessarily  be  under 
the  same  compressive  stress  as  ths  tile  and  400 
Its.  par  square  inch  seems  unreasonably  high,  since 
extra  good  brick,  masonry,  using  a  Portland  cement 
mortar  '^.uthout  any  lime,  is  often  allowed  a  com- 
pressive load  of  only  J'OO  lbs.  per  square  inch. 
On  the  other  hand,  it  is  a  practically  certain  that 
the  load  at  any  tim.e  woujd  never  average  as  high  as 
150  Its.  for  each  of  two  stories. 

The  foregoing  is  not  intended  as  a  rigorous 
proof.   Very  likely  none  is  possible.   Experience 
must  be  the  chief  guide,  and  numerous  buildings 
already  constructed  attest  that  8"  walls  may  be 
safely  and  economically  used  under  conditions  not 
greatly  in  excess  of  those  assumed  in  this  discussion. 
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Approximate  Strength, 
Similarly,  although  it  is  difficult  to  prove 
by  rational  formulae  that  certain  designs  for 
tile  floors  and  partitions  are  safe,  yet  the 
successful  and  economical  use  of  such  floors 
and  partitions  is  the  strongest  argument  in 
their  favor. 


